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erodimer comprising a novel subunit a 10 in 
association with a subunit J3 is described. The 
a 10 integrin may be purified from bovine chon- 
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chondrocytes, osteoblasts and fibroblasts. The 
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AN INTEGRIN HETERODIMER AND A SUBUNIT THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a recombinant or 
isolated integrin heterodimer comprising a subunit alO. 
5 and a subunit p, the subunit alO thereof, homologues and 
fragments of said integrin and of said subunit alO having 
similar biological activity, processes of producing the 
same, polynucleotides and oligonucleotides encoding the 
same, vectors and cells comprising the same, binding 
10 entities binding specifically to the same, and the use 
of the same. 

BACKGROUND OF THE INVENTION 

The integrins are a large family of transmembrane 

15 glycoproteins that mediate cell-cell and cell-matrix 

interactions (1-5) . All known members of this superfamily 
are non-covalently associated heterodimers composed of an 
a- and a p-subunit. At present, 8 p-subunits (pi-p8) (6) 
and 16 a-subunits (al-a9, av, cxM, aL, aX, allb, aE and 

20 aD) have been characterized (6-21), and these subunits 
associate to generate more than 20 different integrins. 
The pl-subunit has been shown to associate with ten dif- 
ferent a-subunits, al-a9 and av, and to mediate inter- 
actions with extracellular matrix proteins such as colla- 

25 gens, laminins and fibronectin. The major collagen bind- 
ing integrins are alpl and a2pi (22-25) . The integrins 
a3pi and a9pl have also been reported to interact with 
collagen (26,27) although this interaction is not well 
understood (28). The extracellular N-terminal regions of 

30 the a and p integrin subunits are important in the bind- 
ing of ligands (29,30). The N-terminal region of the 
a-subunits is composed of a seven-fold repeated sequence 
(12,31) containing FG and GAP consensus sequences. The 
repeats are predicted to fold into a p-propeller domain 
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(32) with the last three or four repeats containing puta- 
tive divalent cation binding sites. The a-integrin sub- 
units al, a2, aD, aE, aL, aM and aX contain a -200 amino 
acid inserted domain, the I-domain (A-domain) , which 
5 shows similarity to sequences in von Willebrand factor, 
cartilage matrix protein and complement factors C2 and B 
(33,34). The I-domain is localized between the second and 
third FG-GAP repeats, it contains a metal ion-dependent 
adhesion site (MIDAS) and it is involved in binding of 

10 ligands (35-38). 

Chondrocytes, the only type of cells in cartilage, 
express a number of different integrins including alpl, 
a201, a3pi, a5pi, a6(3l, avp3, and <xvp5 (39-41). It has 
been shown that aipi and a2|31 mediate chondrocyte inter- 

15 actions with collagen type II (25) which is one of the 
major components in cartilage. It has alsb been shown 
that a2pi is a receptor for the cartilage matrix protein 
chondroadherin (42) . 

20 SUMMARY OF THE INVENTION 

The present invention relates to a novel collagen 
type II binding integrin, comprising a subunit alO in 
association with a subunit p, especially subunit pi, but 
also other p-subunits may be contemplated. In preferred 

25 , embodiments,- this integrin has been isolated from human 
or bovine articular chondrocytes, and human chondrosar- 
coma cells. 

The invention also encompasses integrin homologues 
of said integrin, isolated from other species, such as 

30 bovine integrin heterodimer comprising a subunit alO in 
association with a subunit p, preferably pi, as well as 
homologues isolated from other types of human cells or 
from cells originating from other species. 

The present invention relates in particular to a 

35 recombinant or isolated integrin subunit alO comprising 
the amino acid sequence shown- in SEQ ID No. 1 or SEQ ID 
No.. 2, and homologues and or fragments thereof having the 
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same biological activity. 

The invention further relates to a process of pro- 
ducing a recombinant integrin subunit alO comprising 
the amino acid sequence shown in SEQ ID No. 1 or SEQ ID 
5 No. 2, or homologues or fragments thereof having similar 
biological activity, which process comprises the steps of 

a) isolating a polynucleotide comprising a nucleo- 
tide sequence coding for a integrin subunit alO, or homo- 
logues or fragments thereof having similar biological 

10 activity, 

b) constructing an expression vector comprising the 
isolated polynucleotide, 

c) transforming a host cell with said expression 
vector, 

15 d) culturing said transformed host cell in a culture 

medium under, conditions suitable for expression of inte- 
grin subunit alO, or homologues or fragments thereof hav- 
ing, similar biological activity, in said transformed host 
cell, and, optionally, 

20 e) isolating the integrin subunit alO, or homologues 

or fragments thereof having the same biological activity, 
from said transformed host cell or said culture medium. 

The integrin subunit alO, or homologues or fragments 
thereof having the same biological activity, can also be 

25 provided by isolation from a cell in which they are natu- 
rally present. 

The invention also relates to an isolated poly- 
nucleotide comprising a nucleotide coding for a integrin 
subunit alO, or homologues or fragments thereof having 

30 similar biological activity, which polynucleotide com- 
prises the nucleotide sequence shown in SEQ ID No. 1 or 
SEQ ID No. 2, or parts thereof. 

The invention further relates to an isolated poly- 
nucleotide or oligonucleotide which hybridises to a DNA 

35 or RNA encoding an integrin subunit alO, having the amino 
acid sequence shown in SEQ ID No. 1 or SEQ ID No. 2, or 
homologues or fragments thereof, wherein said polyoligo- 
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nucleotide or oligonucleotide fails to hybridise to a DNA 
or RNA encoding the integrin subunit al. 

The invention relates in a further aspect to vectors 
comprising the above polynucleotides, and to cells con- 
5 taining said vectors and cells that have polynucleotides 
or oligonycleotides as shown in SEQ ID No. 1 or 2 inte- 
grated in their genome. 

The invention also relates to binding entities hav- 
ing the capability of binding specifically to the inte- 
10 grin subunit cclO or to homologues or fragments thereof, 
such as proteins, peptides, carbohydrates, lipids, natu- 
ral ligands, polyclonal antibodies or monoclonal anti- 
bodies. 

In a further aspect, the invention relates to a 
15 recombinant or isolated integrin heterodimer comprising 
a subunit alO and a subunit |3, in which the subunit ctlO 
comprises the amino acid sequence shown in SEQ ID No. 1 
or SEQ ID No. 2, or homologues or fragments thereof hav- 
ing similar biological activity. 
20 In a preferred embodiment thereof, the subunit (3 is 

PL 

The invention also relates to a process of producing 
a recombinant integrin heterodimer comprising a subunit 
alO and a subunit (3, in which the subunit alO comprises 
25 the amino acid sequence shown in SEQ ID No. 1 or SEQ ID 
No. 2, which process comprises the steps of 

a) isolating one polynucleotide comprising a nucleo- 
tide sequence coding for a subunit alO of an integrin 
heterodimer and, optionally, another polynucleotide com- 

30 prising a nucleotide sequence coding for a subunit (3 of 
an integrin heterodimer, or for homologues or fragments 
thereof having similar biological activity, 

b) constructing an expression vector comprising said 
isolated polynucleotide coding for said subunit alO in 

35 combination with an expression vector comprising said 
isolated nucleotide coding for said subunit [3, 
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c) transforming a host cell with said expression 
vectors, 

d) culturing said transformed host cell in a culture 
medium under conditions suitable for expression of an 

5 integrin heterodimer comprising a subunit ctlO and a sub- 
unit p, or homologues or fragments thereof similar bio- 
logical activity, in said transformed host cell, and, 
optionally, 

e) isolating the integrin heterodimer comprising a 
10 subunit alO and a subunit P, or homologues or fragments 

thereof having the same biological activity, from said v 
transformed host cell or said culture medium. 

The integrin heterodimer, or homologues or fragments 
thereof having similar biological activity, can also be 

15 provided by isolation from a cell in which they are natu- 
rally present. 

The invention further relates to a cell containing a 
first vector, said first vector comprising a polynucleo- 
tide coding for a subunit alO of an integrin heterodimer, 

20 or for homologues or parts thereof having similar bio- 
logical activity, which polynucleotide comprises the 
nucleotide sequence shown in SEQ ID No. 1 or SEQ ID No. 2 
or parts thereof, and, optionally, a second vector, said 
second vector comprising a polynucleotide coding for a 

25 subunit P of an integrin heterodimer, or for homologues 
or fragments thereof. 

In still another aspect, the invention relates to 
binding entities having the capability of binding, speci- 
fically to the integrin heterodimer comprising a subunit 

30 alO and a subunit (3, or to homologues or fragments there- 
of having similar biological activity, preferably wherein 
the subunit (3 is pi. Preferred binding entities are pro- 
teins, peptides, carbohydrates, lipids, natural ligands, 
polyclonal antibodies and monoclonal antibodies. 

35 In a further aspect, the invention relates to a 

fragment of the integrin subunit alO, which fragment is 
a peptide chosen from the group comprising peptides of 
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the cytoplasmic domain, the I-domain and the spliced 
domain. 

In one embodiment, said fragment is a peptide com- 
prising the amino acid sequence KLGFFAHKKIPEEEKREEKLEQ, 
5 In another embodiment, said fragment comprises the 

amino acid sequence from about amino acid no. 952 to 
about amino acid no. 986 of SEQ ID No. 1. 

In a further embodiment, said fragment comprises 
the amino acid sequence from about amino acid No. 140 
10 to about amino acid No. 337 in SEQ ID No. 1. 

Another embodiment of the invention relates to a 
polynucleotide or oligonucleotide coding for a fragment 
of the human integrin subunit alO. In one embodiment this 
polynucleotide of oligonucleotide codes for a fragment 
15 which is a peptide chosen from the group comprising pep- 
tides of the cytoplasmic domain, the I-domain and the 
spliced domain. In further embodiments the polynucleotide 
or oligonucleotide codes for the fragments defined above. 
The invention also relates to binding entities hav- 
20 ing the capability of binding specifically to a fragment 
of the integrin subunit alO as defined above. 

The invention also relates to a process of using an 
integrin subunit alO comprising the amino acid sequence 
shown in SEQ ID No. 1 or SEQ ID No. 2, or an integrin 
25 heterodimer comprising said subunit alO and a subunit (3, 
or a homologue or fragment of said integrin or subunit 
having similar biological activity, as a marker or target 
molecule of cells or tissues expressing said integrin 
subunit alO, which cells or tissues are of animal includ- 
30 ing human origin. 

In an embodiment of this process the fragment is a 
peptide chosen from the group comprising peptides of the 
cytoplasmic domain, the I-domain and the spliced domain. 
In further embodiments of said process the frag- 
35 ment is a peptide comprising the amino acid sequence 
KLGFFAHKKIPEEEKREEKLEQ, or a fragment comprising the 
•amino acid sequence from about amino acid No. 952 to 
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about amino acid No. 986 of SEQ ID No. 1, or a fragment 
comprising the amino acid sequence from about amino acid 
no. 140 to about amino acid no. 337 of SEQ ID no. 1. 

The subunit p is preferably pi. The cells are pre- 
5 ferably chosen from the group comprising chondrocytes, 
smooth muscle cells, endothelial cells, osteoblasts and 
fibroblasts. 

Said process may be used during pathological condi- 
tions involving said subunit alO, such as pathological 

10 conditions comprising damage of cartilage, or comprising 
trauma, rheumatoid arthritis and osteoarthritis. 

Said process may be used for detecting the formation 
of cartilage during embryonal development, or for detect- 
ing physiological or therapeutic reparation of cartilage. 

15 Said process may also be used for selection and ana- 

lysis, or for sorting, isolating or purification of chon- 
drocytes. 

A further embodiment of said process is a process 
for detecting regeneration of cartilage or chondrocytes 
20 during transplantation of cartilage or chondrocytes. 

A still further embodiment of said process is a pro- 
cess for in vitro studies of differentiation of chondro- 
cytes . 

The invention also comprises a process of. using 
25 binding entities having the capability of binding speci- 
fically to an integrin subunit alO comprising the amino 
acid sequence shown in SEQ ID No. 1 or SEQ ID No. 2, or 
an integrin heterodimer comprising said subunit alO and a 
subunit p, or to homologues or fragments thereof having 
30 similar biological activity, as markers or target mole- 
cules of cells or tissues expressing said integrin sub- 
unit alO, which cells or tissues are of animal including 
human origin. 

The fragment in said process may be a peptide chosen 
35 from the group comprising peptides of the cytoplasmic 
domain, the I-domain and the spliced domain. In prefer- 
red embodiments said fragment is a peptide comprising the 
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amino acid sequence KLGFFAHKKI PEEEKREEKLEQ, or a fragment 
comprising the amino acid sequence from about amino acid 
No. 952 to about amino acid No. 986 of SEQ ID No. 1, or 
a fragment comprising the amino acid sequence from about 
5 amino acid No. 140 to about amino acid no. 337 of SEQ ID 
No. 1. 

The process may also be used for detecting the pre- 
sence of an integrin subunit cclO comprising the amino 
acid sequence shown in SEQ ID No. 1 or SEQ ID No. 2, or 

10 of an integrin heterodimer comprising said subunit alO 
and a subunit (J, or of homologues or fragments thereof 
having similar biological activity. 

In a further embodiment said process is a process 
for determining the differentiation-state of cells during 

15 embryonic development, angiogenesis f or development of 
cancer. 1 

In a still further embodiment this process is a 
process for detecting the presence of an integrin sub-, 
unit alO, or of a homologue or fragment of said integrin 

20 subunit having similar biological activity, on cells, 

whereby a polynucleotide or oligonucleotide chosen from 
the group comprising a polynucleotide or oligonucleotide 
chosen from the nucelotide sequence shown in SEQ ID No. 1 
is used as a marker under hybridisation conditions where- 

25 in said polynucleotide or oligonucleotide fails to 

hybridise to a DNA or RNA encoding an integrin subunit 
al. Said cells may be chosen from the group comprising 
chondrocytes, smooth muscle cells, endothelial cells, 
osteoblasts and fibroblasts. Said integrin fragment may 

30 be a peptide chosen from the group comprising peptides 
of the cytoplasmic domain, the I-domain and the spliced 
domain, such as a peptide comprising the amino acid 
sequence KLGFFAHKKI PEEEKREEKLEQ, or a fragment comprising 
the amino acid sequence from about amino acid no. 952 to 

35 about amino acid no. 986 of SEQ ID No. 1, or a fragment 
comprising the amino acid sequence from about amino acid 
No. 140 to about amino acid no. 337 of SEQ ID No. 1. 
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In a still further embodiment the process is a pro- 
cess for determining the differentiation-state of cells 
during development, in pathological conditions, in tissue 
regeneration or in therapeutic and physiological repara- 

5 tion of cartilage. The pathological conditions may be any 
pathological conditions involving the integrin subunit 
alO, such as rheumatoid arthritis, osteoarthrosis or 
cancer. The cells may be chosen from the group compris- 
ing chondrocytes, smooth muscle cells, endothelial cells, 

0 osteoblasts and fibroblasts. 

The invention also relates to a process for deter- 
mining the differentiation-state of cells during develop- 
ment, in pathological conditions, in tissue regeneration 
and in therapeutic and physiological reparation of car- 

5 tilage, whereby a polynucleotide or oligonucleotide 

chosen from the nucleotide sequence shown 4 in SEQ ID No. 1 
is used as a marker under hybridisation conditions where- 
in said polynucleotide or oligonucleotide fails to 
hybridise to a DNA or RNA encoding an integrin subunit 

0 al. Embodiments of this aspect comprise a process, where- 
by said polynucleotide or oligonucleotide is a poly- 
nucleotide or oligonucleotide coding for a peptide 
chosen from the group comprising peptides of the cyto- 
plasmic domain, the I-domain and the spliced domain, 

5 such as a polynucleotide or oligonucleotide coding 
for a peptide comprising the amino acid sequence 
KLGFFAHKKI PEEEKREEKLEQ , or comprising the amino acid 
sequence from about amino acid No. 952 to about amino 
acid no. 986 of SEQ ID No. 1, or the amino acid sequence 

0 from about amino acid No. 140 to about amino acid No. 337 
of SEQ ID No. 1. Said pathological conditions may be any 
pathological conditions involving the integrin subunit 
alO, such as rheumatoid arthritis, osteoarthrosis or 
cancer, or atherosclerosis or inflammation. Said cells 

5 may be chosen from the group comprising chondrocytes, 
smooth muscle cells, endothelial cells, osteoblasts and 
fibroblasts . 
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In a further aspect the invention relates to a phar- 
maceutical composition comprising as an active ingredient 
a pharmaceutical agent or an antibody which is capable of 
using an integrin heterodimer comprising a subunit alO 
5 and a subunit p, or the subunit alO thereof, or a homo- 
logue or fragment of said integrin or subunit alO having 
similar biological activity, as a target molecule. An 
embodiment of said pharmaceutical composition is intended 
for use in stimulating, inhibiting or blocking the forma- 

10 tion of cartilage, bone or blood vessels. A further embo- 
diment comprises a pharmaceutical composition for use in 
preventing adhesion between tendon/ligaments and the 
surrounding tissue after infection, inflammation and 
after surgical intervention where adhesion impairs the 

15 function of the tissue. 

The invention is also related to a vaccine compris- 
ing as an active ingredient an integrin heterodimer com- 
prising a subunit alO and a subunit p, or the subunit alO 
thereof, or a homologue or fragment of said integrin or 

20 subunit alO, or DNA or RNA coding for said integrin sub- 
unit alO. 

A further aspect of the invention is related to the 
use of the integrin subunit alO as defined above as a 
marker or target in transplantation of cartilage or chon- 

25 drocytes. 

A still further aspect of the invention is related 
to a method of using binding entities having the capabi- 
lity of binding specifically to an integrin subunit alO 
comprising the amino acid sequence shown in SEQ ID No. 1 

30 or SEQ ID No. 2, or an integrin heterodimer comprising 
said subunit alO and a subunit P, or to homologues or 
fragments thereof having similar biological activity, for 
promoting adhesion of chondrocytes and/or osteoblasts to 
surfaces of implants to stimulate osseointegration. 

35 The invention is also related to the use of an inte- 

grin subunit alO or an integrin heterodimer comprising 
said subunit alO and a subunit P as a target for anti- 
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adhesive drugs or molecules in tendon, ligament, skeletal 
muscle or other tissues where adhesion impairs the func- 
tion of the tissue. 

The invention also relates to a~ method of stimulat- 
5 ing, inhibiting or blocking the formation of cartilage or' 
bone, comprising administration to a subject a suitable 
amount of a pharmaceutical agent or an antibody which is 
capable of using an integrin heterodimer comprising a 
subunit alO and a subunit p, or the subunit alO thereof, 
10 or a homologue or fragment of said integrin or subunit 

alO having similar biological activity, as a target mole- 
cule. 

In another embodiment the invention is related to a 
method of preventing adhesion between tendon/ligaments 

15 and the surrounding tissue after infection, inflammation 
and after surgical intervention where adhesion impairs 
the function of the tissue, comprising administration to 
a subject a suitable amount of a pharmaceutical agent or 
an antibody which is capable of using a integrin hetero- 

20 dimer comprising a subunit alO and a subunit P, or the 
subunit alO thereof, or a homologue or fragment of said 
integrin or subunit alO having similar biological acti- 
vity, as a target molecule. 

The invention also relates to a method of stimulat- 

25 ing extracellular matrix synthesis and repair by activa- 
tion or blockage of an integrin heterodimer comprising 
a subunit alO and a subunit p, or of the subunit alO 
thereof, or of a homologue or fragment of said integrin 
or subunit alO having similar biological activity. 

30 In a further aspect the invention relates to a 

method of in vitro detecting the presence of integrin 
binding entities, comprising interaction of an integrin 
heterodimer comprising a subunit alO and a subunit p, or 
the subunit alO thereof , . or a homologue or fragment of 

35 said integrin or subunit, with a sample, thereby causing 
said integrin, subunit alO, or homologue. or fragment 
thereof having similar biological activity, to modulate 
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the binding to its natural ligand or other integrin bind- 
ing proteins present in said sample. 

The invention also relates to a method of in vitro 
studying consequences of the interaction of a human 
5 heterodimer integrin comprising a subunit alO and a sub- 
unit (5, or the subunit alO thereof, or a homologue or 
fragment of said integrin or subunit, with an integrin 
binding entity and thereby initiate a cellular reaction. 
Said consequences may be measured as alterations in cel- 

10 lular functions. 

A still further aspect of the inventions relates to 
a method of using DNA or RNA encoding an integrin subunit 
alO or homologues or fragments thereof as a molecular 
target. In an embodiment of this aspect, a polynucleotide 

15 or oligonucleotide hybridises to the DNA or RNA encoding 
an integrin subunit alO or homologues or fragments there- 
of, whereby said polynucleotide or oligonucleotide fails 
to hybridise to a DNA or RNA encoding en integrin subunit 
al. 

20 The invention also relates to a method of using a 

human heterodimer integrin comprising a subunit alO and 
a subunit |3, or the subunit alO thereof, or a homologue 
or fragment of said integrin or subunit, or a DNA or RNA 
encoding an integrin subunit alO or homologues or frag- 

25 ments thereof, as a marker or target molecule during 
angiogenesis. 

BRIEF DESCRIPTION OF THE FIGURES 

Fig.l Affinity purification of the alO integrin sub- 
unit on collagen type II-Sepharose. 
30 Fig. 2. Amino acid sequences of peptides from the 

bovine alO integrin subunit. 

Fig. 3a. Af f initypurif ication and immunoprecipi- 
tation of the integrin subunit alO from bovine chondro- 
cytes. 

35 Fig. 3b. Aff initypurif ication and immunoprecipita- 

tion of the integrin subunit alO from human chondrocytes. 
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Fig. 3c. Af f initypurif ication and immunoprecipita- 
tion of the integrin subunit alO from human chondrosar- 
coma cells. 

Fig. 4. A 900 bp PCR-fragment corresponding to the 
5 bovine integrin subunit alO 

Fig. 5. Schematic map of the three overlapping alO 
clones. 

Fig. 6. Nucleotide sequence and deduced amino acid 
sequence of the human alO integrin subunit. 
10 Fig. 7. Northern blot of integrin alO mRNA. 

Fig. 8 Immunoprecipitation of the alO integrin sub- 
unit from human chondrocytes using antibodies against the 
cytoplasmic domain of alO (a) . Western blot of the alO 
associated (3-chain (b) . 
15 Fig. 9. Iramunostaining of alO integrin in human 

articular cartilage. 1 

Fig. 10 Immunostaining of alO integrin in 3 day 
mouse limb cartilage. 

Fig 11. Immunostaining of alO integrin in 13.5 day 
20 mouse embryo. 

Fig 12. Hybridisation of alO mRNA in various human 
tissues. 

Fig. 13 Immunostaining of fascia around tendon (a), 
skeletal muscle (b) and heart valves (c) in 3 day mouse 
25 limb. 

Fig. 14. PCR fragments corresponding to alO integrin 
subunit from human chondrocytes, human endothelial cells, 
human fibroblasts and rat tendon. 

Fig 15. Partial genomic nucleotide sequence of the 
30 human integrin subunit alO . 

Fig 16. Upregulation of alO integrin subunit in 
chondrocytes cultured in alginate. 

Fig 17. Immunoprecipitation of the alO integrin sub- 
unit from human smooth muscle cells 

35 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention demonstrate that human and 



WO 99/51639 



PCT/SE99/00544 



14 

bovine chondrocytes express a novel, collagen type 
II-binding integrin in the pl-family. An earlier study 
presented some evidence for that human chondrosarcoma 
cells also express this integrin (25) . Immunoprecipita- 
5 tion experiments using antibodies against the integrin 
subunit pi revealed that this novel a-integrin subunit 
had an apparent molecular weight (M r ) of approximately 
160 kDa under reducing conditions, and was slightly 
larger than the a2 integrin subunit. To isolate this 

10 a-subunit collagen type II-binding proteins were affinity 
purified from bovine chondrocytes. The chondrocyte lysate 
was first applied to a f ibronectin-Sepharose precolumn 
and the flow through was then applied to a collagen type 
II-Sepharose column. A protein with M r of approximately 

15 160 kD was specifically eluted with EDTA from the colla- 
gen column but not from the fibronectin cblumn. The M r of 
this protein corresponded with the M r of the unidentified 
pl-related integrin subunit. The 160 kD protein band was 
excised from the SDS-PAGE gel, digested with trypsin and 

20 the amino acid sequences of the isolated peptides were 
analysed. 

Primers corresponding to isolated peptides amplified 
a 900 bp PCR-fragment from bovine cDNA which was cloned, 
sequenced and used for screening of a human articular 

25 chondrocyte XZapII cDNA library to obtain the human inte- 
grin a-subunit homologue. Two overlapping clones, hcl and 
hc2 were isolated, subcloned and sequenced. These clones 
contained 2/3 of the nucleotide sequence including the 3' 
end of the cDNA. A third clone which contained the 5'end 

30 of the alO cDNA, was obtained using the RACE technique. 
Sequence analysis of the 160 kD protein sequence showed 
that it was a member of the integrin a-subunit family and 
the protein was named alO. 

The deduced amino acid sequence of alO was found to 

35 share the general structure of the integrin a-subunits 
described in previously published reports (6-21) . The 
large extracellular N-terminal part of alO contains a 
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seven-fold repeated sequence which was recently predicted 
to fold into a p-propeller domain (32). The integrin sub- 
unit alO contains three putative divalent cation-binding 
sites (DxD/NxD/NxxxD) (53), a single spanning transmem- 

•5 brane domain and a short cytoplasmic domain. In contrast 
to most a-integrin subunits the cytoplasmic domain of alO 
does not contain the conserved sequence KxGFF (R/K) R. 
The predicted amino acid sequence in alO is KLGFFAH. 
Several reports indicate that the integrin cytoplasmic 

10 domains are crucial in signal transduction (54) and that 
membrane-proximal regions of both a- and p-integrin cyto- 
plasmic domains are involved in modulating conformation 
and affinity state of integrins (55-57). It is suggested 
that the GFFKR motif in ct-chains are important for asso- 

15 ciation of integrin subunits and for transport of the 

integrin to the plasma membrane (58). The 1 KxGFFKR domain 
has been shown to interact with the intracellular protein 
calreticulin (59) and interestingly, . calreticulin-null 
embryonic stem cells are deficient in integrin-mediated 

20 cell adhesion (60) . It is therefor possible that the 

sequence KLGFFAH in alO have a key function in regulating 
the affinity between alOpl and matrix proteins. 

Integrin a subunits are known to share an overall 
identity of 20-40% (61). Sequence analysis showed that 

25 the alO subunit is most closely related to the I-domain 
containing cc-subunits with the highest identity to al 
(37%) and a2 (35%) . The integrins aipi and a2pi are known 
receptors for both collagens and laminins (24; 62; 63) and 
we have also recently demonstrated that a2(5l interacts 

30 with the cartilage matrix protein chondroadherin (42) . 

Since alOpl was isolated on a collagen type II-Sepharose, 
we know that collagen type II is a ligand for alOpl . We 
have also shown' by affinity purification experiments that 
alOpi interacts with collagen type I but it remains to be 

35 seen whether laminin or chondroadherin are also ligands 
for this integrin. 
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The alO associated p-chain migrated as the pi inte- 
grin subunit both under reducing and non-reducing condi- 
tions. To verify that the alO associated p-chain indeed 
is 01, chondrocyte lysates were immunoprecipitated with 
5 antibodies against alO or (31 followed by Western blot 
using antibodies against the pi-subunit. These results 
clearly demonstrated that alO is a member of the 
Pl-integrin family. However, the possibility that alO 
combine also with other (5-chains can not be excluded. . 

10 A polyclonal peptide antibody raised against the 

cytoplasmic domain of alO precipitated two protein bands 
with M r of approximately 160 kD (alO) and 125 kD (pi) 
under reducing conditions. Immunohistochemistry using the 
alO-antibody showed staining of the chondrocytes in tis- 

15 sue sections of human articular cartilage. The antibody 
staining was clearly specific since preincubation of the 
antibody with the alO-peptide completely abolished the 
staining. Immunohistochemical staining of mouse limb 
sections from embryonic tissue demonstrated that alO is 

20 upregulated during condensation of the mesenchyme. This 
indicate that the integrin subunit alO is important 
during the formation of cartilage. In 3 day old mice alO 
was found to be the dominating collagen binding integrin 
subunit which point to that alO has a key function in 

25 maintaining normal cartilage functions. 

Expression studies on the protein and mRNA level 
show that the distribution of alO is rather restrictive. 
Immunohistochemistry analyses have shown that alO inte- 
grin subunit is mainly expressed in cartilage but it is 

30 also found in perichondrium, periosteum, ossification 

groove of Ranvier, in fascia surrounding tendon and ske- 
letal muscle and in the tendon-like structures in the 
heart valves. This distribution point to that alO 
integrin subunit is present also on fibroblasts and 

35 osteoblasts. PCR amplification of cDNA from different 
cell types revealed the presence of an alternatively 
spliced alO integrin subunit. This spliced alO was domi- 
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nating in fibroblasts which suggests that alO in fibro- 
blasts may have a different function compared to alO pre- 
sent on chondrocytes. 

Expression of the integrin subunit alO was found to 
5 decrease when chondrocytes were cultured in monolayer. In 
contrast, the expression of alO was found to increase 
when the cells were cultured in alginate beads. Since the 
latter culturing model is known to preserve the phenotype 
of chondrocytes the results suggest that alO can function 

10 as marker for a differentiated chondrocyte. 

Adhesion between tendon/ligaments and the surround- 
ing tissue is a well-known problem after infection, 
injury and after surgical intervention. Adhesion between 
tendon and tendon sheets impairs the gliding function and 

15 cause considerable problems especially during healing of 
tendons in e.g. the hand and fingers . leading to func- 
tional incapacity. The localisation of the alO integrin 
subunit in the fascia of tendon and skeletal muscle makes 
alO a possible target for drugs and molecules with anti- 

20 adhesive properties that could prevent impairment of the 
function of tendon/ligament. The integrin subunit alO can 
also be a target for drugs or molecules with anti-adhe- 
sive properties in other tissues where adhesion is a 
problem. 

25 

EXAMPLES 
Example 1 

Affinity purification of the alOintegrin subunit on 
30 collagen type II-Sepharose . 
Materials and Methods 

Bovine chondrocytes, human chondrocytes or human 
chondrosarcoma cells were isolated as described earlier 
[Holmvall et al, Exp Cell Res, 221, 496-503 (1995), 
35 Camper et al, JBC, 273, 20383-20389 (1998)]. A Triton 
X-100 lysate of bovine chondrocytes was applied to a 
f ibronectin-Sepharose precolumn followed by a collagen 
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type II-Sepharose column and the integrin subunit alO was 
eluted from the collagen type II-column by EDTA (Camper 
et al, JBC, 273, 20383-20389 (1998) . The eluted proteins 
were precipitated by methanol /chloroform, separated by 
5 SDS-PAGE under reducing conditions and stained with 
Coomassie blue. (Camper et al, JBC, 273, 20383-20389 
(1998). Peptides from the alO protein band were isolated 
by in-gel digestion with a trypsin and phase liquid chro- 
matography and sequenced by Edman degradation (Camper et 
10 al, JBC, 273, 20383-20389 (1998) 
Results 

Fig 1 shows EDTA-eluted proteins from the fibronec- 
tin-Sepharose (A) , flow-through from the collagen type 
II-Sepharose column (B) and EDTA-eluted proteins from the 

15 collagen type II-Sepharose (C) . The alO integrin subunit 
(160 kDa) which was specifically eluted ffcom the collagen 
type II column is indicated with an arrow. Figure 2 shows 
the amino acid sequences of six peptides that were iso- 
lated from the bovine integrin subunit alO. Figures 3 a, 

20 b, and c show that the alO integrin subunit is present 
on bovine chondrocytes (3a)., human chondrocytes (3b) and 
human chondrosarcoma cells (3c) . The affinity for colla- 
gen type II, the coprecipitation with pi-integrin subunit 
and the molecular weight of 160 kDa under reducing condi- 

25 tions identify the alO integrin subunit on the different 
cells. These results show that alO can be isolated from 
chondrocytes and from chondrosarcoma cells. 

Example 2 

30 Amplification of PCR fragment corresponding to 

bovine alO integrin subunit. 
Materials and methods 

The degenerate primers GAY AAY ACI GCI CAR AC 
(DNTAQT, forward) and TIA TIS WRT GRT GIG GYT (EPHHSI, 

35 reverse) were used in PCR (Camper et al, JBC, 273, 20383- 
20389 (1998) to amplify the nucleotide sequence corre- 
sponding to the bovine peptide 1 (Figure 2) . A 900 bp 
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PCR-fragment was then amplified from bovine cDNA using an 
internal specific primer TCA GCC TAC ATT CAG TAT (SAYIQY, 
forward) corresponding to the cloned nucleotide sequence 
of peptide 1 together with the degenerate primer ICK RTC 
5 CCA RTG ICC IGG (PGHWDR, reverse) corresponding to the 
bovine peptide 2(Figure2). Mixed bases were used in 
positions that were twofold degenerate and inosines were 
used in positions that are three- or fourfold degenerate. 
mRNA isolation and cDNA synthesis was done as earlier 
10 described (Camper et al, JBC, 273, 20383-20389 (1998)). 
The purified fragment was cloned, purified and sequenced 
as earlier described (Camper et al, JBC, 273, 20383-20389 
(1998)) . 
Results 

15 The nucleotide sequence of peptide 1 (Figure 2) 

was obtained by PCR-amplif ication, cloninfcf and sequenc- 
ing of bovine cDNA. From this nucleotide sequence an 
exact primer was designed and applied in PCR-amplif ica- 
tion with degenerate primers corresponding to peptides 

20 2-6 (Figure 2) . Primers corresponding to peptides 1 

and 2 amplified a 900 ;bp PCR-fragment from bovine cDNA 
(Figure 4) . 

Example 3 

25 Cloning and sequence analysis of the human ctlO inte- 

grin subunit 
Material and methods 

The cloned 900bp PCR-fragment, corresponding to 
bovine alO-integrin, was digoxigenin-labelled according 

30 to the DIG DNA labelling kit (Boehringer Mannheim) and 
used as a probe for screening of a human articular chon- 
drocyte XZapII cDNA library (provided by Michael Bayliss, 
The Royal Veterinary Basic Sciences, London, UK) (52) . 
Positive clones containing the pBluescript SK+ plasmid 

35 with the cDNA insert were rescued from the ZAP vector by 
in vivo excision as described in the ZAP.-cDNA® synthesis 
kit (Stratagene) . Selected plasmids were purified and 
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sequenced as described earlier (Camper et al, JBC, 273, 
20383-20389 (1998)) using T3, T7 and internal specific 
primers. To obtain cDNA that encoded the 5 ? end of alO we 
designed the primer AAC TCG TCT TCC AGT GCC ATT CGT GGG 
5 (reverse; residue 1254-1280 in alO cDNA) and used it for 
rapid amplification of the cDNA 5 1 end (RACE) as describ- 
ed in the Marathon™ cDNA Amplification kit (Clontech 
INC. , Palo Alto, CA) . 
Results 

10 Two overlapping clones, hcl and hc2 (Figure 5), were 

isolated, subcloned and sequenced. These clones contained 
2/3 of the nucleotide sequence including the 3' end of 
the cDNA. A third clone (racel; Figure 5), which contain- 
ed the 5 f end of the alO cDNA, was obtained using the 

15 RACE technique. From these three overlapping clones of 
alO cDNA, 3884 nucleotides were sequenced 1 The nucleotide 
sequence and deduced amino acid sequence is shown in 
Figure 6. The sequence contains a 3504-nucleotide open, 
reading frame that is predicted to encode a 1167 amino 

20 acid mature protein. The signal peptide cleavage site is 
marked with an arrow, human homologues to bovine peptide 
sequences are underlined and the I-domain is boxed. Metal 
ion binding sites are indicated with a broken underline, 
potential N-glycosylation sites are indicated by an 

25 asterisk and the putative transmembrane domain is double 
underlined. The normally conserved cytoplasmic sequence 
is indicated by a dot and dashed broken underline. 

Sequence analysis demonstrate that alO is a member 
of the integrin a-subunit family. 

30 

Example 4 

Identification of a clone containing a splice 
variant of alO 

One clone which was isolated from the human chon- 
35 drocyte library (see Example 3) contained a sequence 

that was identical to the sequence of alO integrin sub- 
unit except that the nucleotides between nt positions 
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was verified in PCR experiment using primers flanking 
the splice region (see figure 14). 

5 Example 5 

Identification of alO integrin subunit by Northern 

blot 

Material and methods 

Bovine chondrocyte mRNA was purified using a 

10 QuickPrep®Micro mRNA Purification Kit (Pharmacia Biotech, 
Uppsala, Sweden), separated on a 1% agarose-formaldehyde 
gel, transferred to nylon membranes and immobilised by UV- 
crosslinking. cDNA-probes were 32P-labelled with Random 
Primed DNA Labeling Kit (Boehringer Mannheim) . Filters 

15 were prehybridised for 2-4 hours at 42°C in 5x SSE, 

5x Denharts solution, 0.1 % SDS, 50 |xg/ml* salmon sperm 
DNA and 50% formamide and then hybridised over night 
at 42 °C with the same solution containing the specific 
probe (0.5-1 x 106 cpm/ml) . Specifically bound c DNA- 

20 probes were analysed using the phosphoimager system 
(Fuji). Filters were stripped by washing in 0.1% SDS, 
fori hour at 80°C prior to re-probing. The alO-integrin 
cDNA-probe was isolated from the racel-containing plasmid 
using the restriction enzymes BarriHI (GIBCO BRL) and Ncol 

25 (Boehringer Mannheim) . The rat pi-integrin cDNA probe was 
a kind gift from Staff an Johansson, Uppsala, Sweden. 
Results 

Northern blot analysis of mRNA from bovine chondro- 
cytes showed that a human alO cDNA-probe hybridised with 

30 a single mRNA of approximately 5.4 kb (Figure 7). As a 
comparison, a cDNA-probe corresponding to the integrin 
subunit al was used. This cDNA-probe hybridised a mRNA- 
band of approximately 3.5 kb on the same filter. These 
results show that a cDNA-probe against alO can be used to 

35 identify the alO integrin subunit on the mRNA level. 



WO 99/51639 



PCT/SE99/00544 



22 

Example 6 

Preparation of antibodies against the integrin sub- 
unit alO 

A peptide corresponding to part of the alO cytoplas- 
5 mic domain, Ckkipeeekreekle (see figure 6) was synthesis- 
ed and conjugated to keyhole limpet hemocyanin (KLH) . 
Rabbits were immunised with the peptide-KLH conjugate 
to generate antiserum against the integrin subunit alO. 
Antibodies recognising alO were affinity purified on an 
10 peptide-coupled column (Innovagen AB) . 

Example 7 

Immunoprecipitation of the integrin subunit alO from 
chondrocytes 

15 Material and methods 

Human chondrocytes were 125 I-labelledV lyzed with 
Triton X-100 and immunoprecipitated as earlier described 
(Holmvall et al, Exp Cell Res, 221, 496-503 (1995), 
Camper et al, JBC, 273, 20383-20389 (1998)). Triton X-100 

20 lysates of 1251-labeled human chondrocytes were immuno- 
precipitated with polyclonal antibodies against the inte- 
grin subunits pi, al, a2, a3 or alO. -The immunoprecipi- 
tated proteins were separated by SDS-PAGE (4-12%) under 
non-reducing conditions and visualised using a phospho- 

25 imager. Triton X-100 lysates of human chondrocytes immu- 
noprecipitated with alO or pi were separated by SDS-PAGE 
(8%) under non-reducing conditions and analysed by 
Western blot using the polyclonal pi antibody and chemi- 
luminescent detection as described in Camper et al, JBC, 

30 273, 20383-20389 (1998) . 
Results 

The polyclonal peptide antibody, raised against the 
cytoplasmic domain of alO, precipitated two protein bands 
with Mr of approximately 160 kD (alO) and 125 kD (pi) 
35 under reducing conditions. The alO associated (3-chain 
migrated as the pi integrin subunit (Figure 8a) . To 
verify that the alO associated p-chain in chondrocytes 
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indeed is |J1, chondrocyte ' lysates were immunoprecipitated 
with antibodies against alO orb pi followed by Western 
blot using antibodies against the pl-subunit (Figure 8b) . 
These results clearly demonstrated that alO is a member 
5 of the pl-integrin family. However, the results do hot . 
exclude the possibility that alO can associate with other 
f}-chains in other situations. 

Example 8 

10 Immunohistochemical staining of the integrin subunit 

alO in human and mouse cartilage 
Material and methods 

Frozen sections of adult cartilage (trochlear 
groove) obtained during surgery (provided by Anders 

15 Lindahl, Salgrenska Hospital, Gothenburg, Sweden and 

frozen sections from of 3 day old mouse limb were fixed 
and prepared for immunohistochemistry as earlier describ- 
ed (Camper et al, JBC, 273, 20383-20389 (1998)). Expres- 
sion of cclO integrin subunit was analysed using the poly- 

20 clonal antibody against the cytoplasmic domain as a pri- 
mary antibody (see Example 6) and a secondary antibody 
conjugated to peroxidase. 
Results 

Figures 9 show immunostaining of human adult articu- 
25 lar cartilage. 

The alO-antibody recognising the cytoplasmic domain 
of alO stained the chondrocytes in tissue sections of 
human articular : cartilage (A) . The staining was depleted 
when the antibody was preincubated with the alO- peptide 
30 (B) . A control antibody recognising the <x9 integrin sub- 
unit did not bind to the chondrocyte (C) . 

Figures 10 shows sthat the alO antibody stain the 
majority of chondrocytes in the growing bone anlage (a 
and b) . The alO antibody also recognised cells in the 
35 ossification groove of Ranvier (b) , especially the 

osteoblast in the bone bark which are lining the carti- 
lage in the metaphys are highly positive for alO. The 
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cells in the ossification groove of Ranvier are believed 
to be important for the growth in diameter of the bone. 
The integrin subunit alO is also highly expressed in 
perichondrium and periosteum. Cell in these tissues are 
5 likely important in the repair of the cartilage tissue. 
The described localisation of .the integrin subunit alO 
suggest that this integrin is important for the function 
of the cartilage tissue. 

10 Example 9 

Immunohistochemical staining of the integrin subunit 
alO during mouse development 
Material and methods 

Frozen sections from mouse embryos (13.5 days) were 

15 investigated for expression of alO by immunhistochemi- 
stry as described in Camper et al, JBC, 273, 20383-20389 
(1998). Expression of alO integrin subunit was analysed 
using the. polyclonal antibody against the cytoplasmic . 
domain as a primary antibody (see Example 6) and a secon- 

20 dary antibody conjugated to peroxidase. The embryo sec- 
tions were also investigated for expression of integrin 
subunit al (monoclonal antibody from Pharmingen) and 
collagen type II (monoclonal antibody, kind gift from 
Dr John Mo, Lund University, Sweden) . 

25 Results 

Figure 11 show that alO integrin subunit is unregu- 
lated in the limb when the mesenchymal cells undergo con- 
densation to form cartilage (a). Especially the edge of 
the newly formed cartilage has high expression of alO.. 

30 The formation of cartilage is verified by the high 

expression of the cartilage specific collage type II (b) . 
The control antibody against al integrin subunit showed 
only weak expression on the cartilage (c) . In other expe- 
riments expression of ;ctl0 was found in all cartilage con- 

35 taining tissues in the 3 day old mouse including limbs, 

ribs and vertebrae. The upregulation of alO during forma- 
tion of cartilage suggest that this integrin subunit is 
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important both in the development of cartilage and bone 
and in the repair of damaged cartilage tissue. 

Example 10 

5 mRNA expression of cclO in tissues other than articu- 

lar cartilage 
Material and methods 

Expression of alO integrin subunit was examined on 
the mRNA level in different human tissues, A Northern dot 

10 blot with immobilised mRNA from the listed tissues in 

Figure 12 was hybridised with an alO integrin cDNA probe 
isolated from the race 1-containing plasmid using the 
restriction enzymes BamHl and Ncol. The degree of hybrid- 
isation was analysed using a phospho imager. The follow- 

15 ing symbols denote mRNA level in increasing order: -, +, 
++, +++, ++++. 1 
Results 

Analysis of the hybridised mRNA showed that alO 
was expressed in aorta, trachea, spinal cord, heart, 
20 lung, and kidney {Figure 12) . All other tissues appear- 
ed negative for alO expression. These results point to 
a restricted distribution of the alO integrin subunit. 

Example 11 

25 Iramunohistochemical staining of alO in fascia around 

tendon and skeletal muscle and in tendon structures in 
heart valves. 
Materials and methods 

Frozen sections of adult cartilage (trochlear 

30 groove) obtained during surgery (provided by Anders 
Lindahl, Salgrenska Hospital, Gothenburg, Sweden and 
frozen sections from of 3 day old mouse limb were fixed 
and prepared for immunohistochemistry as earlier describ- 
ed (Camper et al, JBC, 273, 20383-20389 (1998)). Expres- 

35 sion of alO integrin subunit was analysed using the poly- 
clonal antibody against the cytoplasmic domain as a pri- 
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mary antibody (see Example 6) and a secondary antibody 

conjugated to peroxidase. 

Results 

As shown in figures 13 expression of alO was found 
5 in the fascia surrounding tendon (a) and skeletal muscle 
(b). and in the tendon structures in the heart valves (c) . 
This localisation suggest that alO can bind to other 
matrix molecules in addition to the cartilage specific 
collagen type II. The localisation of the integrin alO on 
10 the surface of tendons indicate that alO can be involved 
in unwanted adhesion that often occurs between tendon/ 
ligaments and the surrounding tissue after infection, 
injury or after surgery. 

15 Example 12 

mRNA expression of alO integrin subuhit in chondro- 
cytes , endothelial cells and fibroblasts. 
Material and methods 

Isolation of mRNA, synthesis of cDNA and PCR ampli- 
20 fication was done as earlier described (Camper et al, 
JBC, 273, 20383-20389 (1998)). 
Results 

Figure 14- shows PCR amplification of alO cDNA from 
human articular chondrocytes (lanes A6 and Bl) , human 

25 umbilical vein endothelial cells (lane A2), human fibro- 
blasts (lane A4) and rat tendon (Fig 14b, lane B2) . Lanes 
1, 3, and 5 in figure .14 A show amplified fragments cor- 
responding to the integrin subunit a2 in endothelial 
cells, fibroblasts and chondrocytes, respectively. cDNA- 

30 primers corresponding to the alO sequence positions nt 
2919-2943 (forward) and nt 3554-3578 (reverse) (see 
Figure 6) were used to amplify alO cDNA from the diffe- 
rent cells. The figure shows that alO was amplified in 
all three cell types. Two fragments of alO was amplified 

35 which represent the. intact form of alO (larger fragment) 
and a splice variant (smaller fragment) The larger frag- 
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ment was dominating in chondrocytes while the smaller 
fragment was more pronounced in tendon (B2) . 

Example 13 

5 Construction of alO mammalian expression vector. 

The full length protein coding sequence of alO (com- 
bined from 3 clones, see figure 6) was inserted into the 
mammalian expression vector, pcDNA3.1/Zeo (Invitrogen) . 
The vector contains SV40 promoter and Zeosin selection 

10 sequence. The alO containing expression vector was trans- 
fected into cells that express the (Jl-integrin subunit 
but lack expression of the alO subunit. Expression of the 
alO integrin subunit on the cell surface can be analysed 
by immunoprecipitation and/or flow cytometry using anti- 

15 bodies specific for alO. The ligand binding capacity and 
the function of the inserted alO integrin* subunit can be 
demonstrated in cell adhesion experiment and in 
signalling experiments. 

20 Example 14 

Construction of mammalian expression vector contain- 
ing a splice variant of alO. 

The full length protein coding sequence of the 
splice variant of alO (nt 2942-nt3055 deleted) was 
25 inserted into the mammalian expression vector pcDNA3 

(see Example 13) . Expression and function of the splice 
variant can be analysed as described in example 13 and 
compared with the intact alO integrin subunit. 

30 Example 15 

Partial isolation and characterisation of the aiO 
integrin genomic DNA . 
Material and methods 

Human alO cDNA, isolated from the racel-containing 
-35 plasmid using the restriction enzymes BamHI (GIBCO BRL) 
and Ncol (Boehringer Mannheim) , was 32 P-labelled and used 
as a probe for screening of a mouse 129 cosmid library 
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(provided by Reinhard Fassler, Lund University) . Positive 
clones were isolated and subcloned. Selected plasmids 
were purified and sequenced as described earlier (Camper 
et air JBC, 273, 20383-20389 (1998)) using T3, T7 and 
5 internal specific primers. Primers corresponding to mouse 
genomic DNA were then constructed and used in PCR to 
amplify and identify the genomic sequence of alO from the 
cosmid clones. 
Results 

10 Figure 15 shows 7958 nt of the alO gene. This par- 

tial genomic DNA sequence of alO integrin contains 8 
exons, and a Kozak sequence. The mouse genomic alO 
sequence was used to generate a targeting vector for 
knockout experiments. 

15 

Example 16 

Upregulation of alO integrin subunit in chondrocytes 
cultured in alginate beads 
' Material and methods : ' 

20 Human chondrocytes cultured in monolayer for 2 weeks 

were detached with trypsin-EDTA and introduced into algi- 
nate beads. Chondrocytes cultured in alginate are known 
to preserve their phenotype while chondrocytes cultured 
in monolayer are dedifferentiated. After 11 days chondro- 

25 cytes cultured either in alginate or on monolayer were 
isolated and surface labelled with 125 I. The alO integrin 
subunit was then immunoprecipitated with polyclonal 
antibodies recognising the cytoplasmic domain of alO 
(see Example 6 and Camper et al, JBC, 273, 20383-20389 

30 (1998) ) . 
Results - 

As shown in figure 16 chondrocytes cultured in algi- 
nate beads (lanes 3 and 4) upregulated their protein 
expression of alOjJl. This was in contrast to chondrocytes 
35 cultured in monolayer (lanes 1 and 2) which had a very 

low expression of aiopi. Immunoprecipitation with ab con- 
trol antibody is shown in lanes 1 and 3. It is known that 
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chondrocytes preserve their cartilage specific raatrixpro- 
duction in alginate cultures but not in monolayer culture 
which point to that alginate preserve the phenotype of. 
chondrocytes. These results support that alO integrin 
5 subunit can be used as a marker for differentiated chon- 
drocytes. 

Example 17 

Immunoprecipitation of the alO integrin subunit from 
10 human smooth muscle cells. 

Material and methods 

Human, smooth muscle cells were isolated from human 

aorta. After one week in culture the' cells were 125 I- 

labelled, lysed and immunoprecipitated with antibodies 
15 against the integrin subunit pi (lane 1), <xl (lane 2), a2 

(lane 3), alO (lane 4),a3 (lane 5), control (lane 6) 

(Figure. 17). The experiment was done as described in 

Example 7 . 

Results 

20 The alO antibody precipitated two bands from the 

smooth muscle cells corresponding to the alO and the pi 
integrin subunit (Fig. 17) . 

Example 18 

25 Construction of bacterial expression vector contain- 

ing sequence for alO splice region. 

A^ plasmid for intracellular expression in E.. coli 
. of the alternatively spliced region (amino acid pos. 
952-986, SEQ. ID 1) was constructed as described. The 

30 alternatively spliced region were back-translated using 
the E. coli high frequency codon table, creating a cDNA 
sequence of 96% identity with the original sequence (SEQ. 
ID 1 nucleotide pos 2940-3044). Using sequence overlap 
extension (Horton et al., Biotechniques 8:528, 1990) 

35 primer alOpfor (tab. I) and alOprev (tab. I) was used 
to generate a double stranded fragment e.ncoding the alO 
amino acid sequence. This fragment was used as a PCR 
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template with primers al0pfor2 (tab. I) and al0prev2 
(tab. I) in order to generate restriction enzyme site 
for sub-cloning in a pET vector containing the Z-domain 
of staphylococcal protein A, creating a fusion of the alO 
5 spliced region with the amino terminal of the Z-domain 
with trombin cleavage site residing in-between. The frag- 
ment generated in the second PCR reaction is shown (SEQ 
ID No. 3) also indicating the unique restriction enzymes 
used for sub-cloning in the expression vector. 

10 

Table I 



alOpfor 


5 f - 

GTTCAGAACCTGGGTTGCTACGTTGTTTCCGGTCTGATCATCTCCGC 
TCTGCTGCCGGCTGT-3 ' " 


al0pfor2 


5' -GGGGCATATGGTTCAGAACCTGGGTTGCTACGTTG-3/ 


alOprev 


5'" 

GATAACCTGGGACAAGCTTAGGAAGTAGTTACCACCGTGAGCAACAG 
CCGGCAGCAGAGCGGA- 3 ' 


a!0prev2 


5'-. 

GGGGGGATCCGCGCGGCACCAGGCCGCTGATAACCTGGGACAAGCTT 
AGGAAGT-3' 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) NUMBER OF SEQUENCES: 2 

(2) INFORMATION FOR SEQ ID NO. 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3884 base pairs 

(B) TYPE: nucleic acid and amino acid 

(C) STRANDEDNESS: double 
.(D) TOPOLOGY: linear 

(ii) MOLECULAR TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(E) ORGANISM: human 

(F) CELLTYPE: chondrocyte 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 1: 

CAGGTCAGAAACCGATCAGGCATGGAACTCCCCTTCGTCACTCACCTGTTCTTGCCCCTG 

GTCCAGTCTTTGGCTAGTCCGTACCTTGAGGGGAAGCAGTGAGTGG^CAAGAAGGGGGAC 

a MELPFVTHLFLPL 

GTGTTCCTGACAGGTCTCTGCTCCCCCTTTAACCTGGATGAACATCACCCACGCCTATTC 

61 + -+ + +- + — — + 120 

CAC AAGGACTGT CC AGAGACGAGGGG GAAATTGGACCTACT TGT AGT GGGTGCGG AT AAG 

a V FLTGLCS P FN LDEHH P RL F 

CCAGGGCCACCAGAAGCTGAATTTGGATACAGTGTCTTACAACATGTTGGGGGTGGACAG 

121 + + — + +--_- + — + 180 

GGTCCCGGTGGTCTTCGACTTAAACCTATGTCACAGAATGTTGTACAACCCCCACCTGTC 

a PGPPEAEFGYSVLQHVGGGQ 

CGATGGATGCTGGTGGGCGCCCCCTGGGATGGGCCTTCAGGCGACCGGAGGGGGGACGTT 

181 _ +- +— — + + + + 240 

GCTACCTACGACCACCCGCGGGGGACGCTACCCGGAAGTCCGCTGGCCTCCCCCCTGCAA 

a RWMLVGAPWDGPSGDRRGDV 

TATCGCTGCCCTGTAGGGGGGGCCCACAATGCCCCATGTGCCAAGGGCCACTTAGGTGAC 

241 + + + + +— + 300 

ATAGCGACGGGACATCCCCCCCGGGTGTTACGGGGTACACGGTTCCCGGTGAATCCACTG 

a. YRCPVGGAHNAPCAKGHLGD - 

TACCAACTGGGAAATTCATCTCATCCTGCTGTGAATATGCACCTGGGGATGTCTCTGTTA 

301 + — + + : — + + + 360 

ATGGTTGACCCTTTAAGTAGAGTAGGACGACACTTATACGTGGACCCCTACAGAGACAAT 

a YQLGNS SHPAVNM HLGMSLL 

GAGACAGATGGTGATGGGGGATTCATGGCCTGTGCCCCTCTCTGGTCTCGTGCTTGTGGC 
3 61 + + + + + + 420 

CTCTGTCTACCACTACCCCCTAAGTACCGGACACGGGGAGAGACCAGAGCACGAACACCG 
a ETDGDGGFMACAPLWSRACG 
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AGCTCTGTCTTCAGTTCTGGGATATGTGCCCGTGTGGATGCTTCATTCCAGCCTCAGGGA 

421 + + -+ + + + 480 

TCGAGACAGAAGTCAAGACCCTATACACGGGCACACCTACGAAGTAAGGTCGGAGTCCCT 

SS VFSSGICARVDAS FQPQG 

AGCCTGGCACCCACTGCCCAACGCTGCCCAACATACATGGATGTTGTCATTGTCTTGGAT 

481 +- + . +---- + + + 540 

TCGGACCGTGGGTGACGGGTTGCGACGGGTTGTATGTACCTACAACAGTAACAGAACCTA 

SLAPTAQRCPTYMDVVIV LD 

GGC T CC AACAGCATCT AC CC CT GGTCTG AAGTT CAGACCTT CCTACG AAG ACTGGTAGGG 
541 * : 4. + ._+ + + 4- 600 

ccgaggttgtcgtagatggggaccagacttcaagtctggaaggatgcttctgaccatccc 
gsnsiypwsevqtflrrlvg' - 
aaactgtttattgacccagaacagatacaggtgggactggtacagtatggggagagccct 

601 +— + + + + + 660 

TTTGACAAATAACTGGGTCTTGTCTATGTCCACCCTGACCATGTCATACCCCTCTCGGGA 

KLF I DPE.QIQVGLVQYGE SP 

' GTACATGAGTGGTCCCTGGGAGATTTCCGAACGAAGGAAGAAGTGGTGAGAGCAGCAAAG 

CATGTACTCACCAGGGACCCTCTAAAGGCTTGCTTCCTTCTTCACC^CTCTCGTCGTTTC 

V H E W S L G.D F R T K'E E V V R A A K 

AAC CTCAGT CGGCGGG AGGG ACGAGAAAC AAAGACTGCC C AAGCAAT AATGGTGGCCTGC 

721 + -— + + + + + 780 

TTGGAGTCAGCCGCCCTCCCTGCTCTTTGTTTCTGACGGGTTCGTTATTACCACCGGACG 

NLSRREGR ETKTAQAIMV. AC 

ACAGAAGGGTTCAGTCAGTCCCATGGGGGCCGACCCGAGGCTGCCAGGCTACTGGTGGTT 

TGTCTTCCCAAGTCAGTCAGGGTACCCCCGGCTGGGCTCCGACGGTCCGATGACCACCAA 

TEGFSQSHGGRPEAARL.LVV 

GTCACTGATGGAGAGTCCCATGATGGAGAGGAGCTTCCTGCAGCACTAAAGGCCTGTGAG 

841 + + + r + + 900 

CAGTGACTACCTCTCAGGGTACTACCTCTCCTCGAAGGACGTCGTGATTTCCGGACACTC 

VT DGESHDGE ELPAALKACE 

GCTGGAAGAGTGACACGCTATGGGATTGCAGTCCTTGGTCACTACCTCCGGCGGCAGCGA 

901 +— +- + — + 960 

CGACCTTCTCACTGTGCGATACCCTAACGTCAGGAACCAGTGATGGAGGCCGCCGTCGCT 

AGRVTRYGIAVLGHYLRRQR - 

GATCCCAGCTCTTTCCTGAGAGAAATTAGAACTATTGCCAGTGATCCAGATGAGCGATTC 

961 + + + + + + 1020 

CTAGGGTCGAGAAAGGACTCTCTTTAATCTTGATAACGGTCACTAGGTCTACTCGCTAAG 

DPSSFLR'EI RTIASDPDERF - 

TT CTTC AATG TC AC AG ATG AGGCTGCT CTG ACT G AC ATT GT GG AT GC ACT AGG AG AT CG G 

1021 +~r + + r — + + 1080 

AAGAAGTTACAGTGTCTACTCCGACGAGACTGACTGTAACACCTACGTGATCCTCTAGCC 

F FNV'T DEAALT DI V-DAL G D R 
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ATTTTTGGCCTTGAAGGGTCCCATGCAGAAAACGAAAGCTCCTTTGGGCTGGAAATGTCT 

1081 + + + + + + 1140 

TAAAAACCGGAACTTCCCAGGGTACGTCTTTTGCTTTCGAGGAAACCCGACCTTTACAGA 

IFGLEGSHAENESSFGLEMS- - 

CAGATTGGTTTCTCCACTCATCGGCTAAAGGATGGGATTCTTTTTGGGATGGTGGGGGCC 

1141 + + ~f + + — -+ 1200 

GTCTAACCAAAGAGGTGAGTAGCCGATTTCCTACCCTAAGAAAAACCCTACCACCCCCGG 

QIGFSTHRLKDGILFGMVGA - 

TATGACTGGGGAGGCTCTGTGCTATGGCTTGAAGGAGGCCACCGCCTTTTCCCCCGACGA 

1201 + + + + + + 1260 

ATACTGACCCCTCCGAGACACGATACCGAACTTCCTCCGGTGGCGGAAAAGGGGGGTGCT 

Y .DWGGSVLWLEGGH RI/FPPR - 

ATG GC ACTGGAAGACGAGTT CCCC CCTG C ACT GC AGAACCATG CAGCC T AC CTGGGTT AC 

1261 * + + + + + + 1320 

TACCGTGACCTTCTGCTCAAGGGGGGACGTGACGTCTTGGTACGTCGGATGGACCCAATG 

MALEDEFPP ALQNHAAYLGY 

TCTGTTTCTTCCATGCTTTTGCGGGGTGGACGCCGCCTGTTTCTCTCTGGGGCTCCTCGA 

1321 + -+ — + + + + 1380 

AGACAAAGAAGGTACGAAAACGCCCCACCTGCGGCGGACAAAGAG^GACCCCGAGGAGCT 

S V S S ML LR GG RRL F L S GA P R - 

TTTAGACATCGAGGAAAAGTCATCGCCTTCCAGCTTAAGAAAGATGGGGCTGTGAGGGTT ' 

1381 + + + + + + 1440 

AAATCTGTAGCT C CTT T TCAGT AGC GG AAGGT CGAATT CT TT CT ACCC CGAC ACT CCC AA 

F RH RGKV IAFQLKKD GAVRV - 

GCCCAGAGCCTCCAGGGGGAGCAGATTGGTTCATACTTTGGCAGTGAGCTCTGCCCATTG 

1441 + + + — + +— + 1500 

CGGGTCTCGGAGGTCCCCCTCGTCTAACCAAGTATGAAACCGTCACTCGAGACGGGTAAC 

AQSLQGEQI G S YFGSELCPL 

GATACAGATAGGGATGGAACAACTGATGTCTTACTTGTGGCTGCCCCCATGTTCCTGGGA 

1501 + -+ + +— — + + 1560 

CTATGTCTATCCCTACCTTGTTGACTACAGAATGAACACCGACGGGGGTACAAGGACCCT 

DT DRDGTT DVLLVAAPMF 'LG 

CCCCAGAACAAGGAAACAGGACGTGTTTATGTGTATCTGGTAGGCCAGCAGTCCTTGCTG 

1561 + +- + + + ' + 1620 

•GGGGTCTTGTTCCTTTGTCCTGCACAAATACACATAGACCATCCGGTCGTCAGGAACGAC 

PQNKET G RVYVYLVGQQSLL 

ACCCTCCAAGGAACACTTCAGCCAGAACCCCCCCAGGATGCTCGGTTTGGCTTTGCCATG 
1621 + + + + + + 1680 

TGGGAGGTTCCTTGTGAAGTCGGTCTTGGGGGGGTCCTACGAGCCAAACCGAAACGGTAC 
TL QGTLQPEPPQDAR. FGFAM 

GGAGCTCTTCCTGATCTGAACCAAGATGGTTTTGCTGATGTGGCTGTGGGGGCGCCTCTG 
1681 + + + — + + + 1740 

cctcgagaaggactagacttggttctaccaaaacgactacaccgacacccccgcggagac 
gal pdlnqdgfadvavgapl -•. 
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GMGATGGGCACCAGGGAGCACTGTACCTGTACCATGGAACCCAGAGTGGAGTCAGGCCC 

1741 + + +— + + + 1800 

CTTCTACCCGTGGTCCCTCGTGACATGGACATGGTACCTTGGGTCTCACCTCAGTCCGGG 

EDG HQGALYLYHGTQSG VRP - 

CATCCTGCCCAGAGGATTGCTGCTGCCTCCATGCCACATGCCCTCAGCTACTTTGGCCGA 

1801 '-+ : + + + -+ + I860 

GTAGGACGGGTCTCCTAACGACGACGGAGGTACGGTGTACGGGAGTCGATGAAACCGGCT . ' 

H PAQ.RI AAAS MPHALSYFGR 

AGTGTGGATGGTCGGCTAGATCTGGATGGAGATGATCTGGTCGATGTGGCTGTGGGTGCC 

18 61 + — + +- + + — + 1920 

TCACACCTACCAGCCGATCTAGACCTACCTCTACTAGACCAGCTACACCGACACCCACGG 

SV.DGRLDLD GDDLVDVAVGA - - 

CAGGGGGCAGCCATCCTGCTCAGCTCCCGGCCCATTGTCCATCTGACCCCATCACTGGAG 

1921 — +— ----+ + + -+ 1980 

GTCCCC CGT C GGT AGG ACGAGTCG AGG GCCGGGT AAC AGGT AGACTGGG GT AGT G ACCT C 

QGAA I' L L .S S R P I V HLT P S L S 

GTGACCCCACAGGCCATCAGTGTGGTTCAGAGGGACTGTAGGCGGCGAGGCCAAGAAGCA 

1981 + + + — + + + 2040 

C ACT GGGGTGTCCGGT AGT C AC ACCAAGT CT CCCTG AC ATC CGCCGfcT CCGGT T CT T CGT 

VTPQA ISVVQRDCR. RRG QEA 

GTCTGTCTGACTGCAGCCCTTTGCTTCCAAGTGACCTCCCGTACTCCTGGTCGCTGGGAT 

2041 + + + + + 2100 

CAGACAGACTGACGTCGGGAAACGAAGGTTCACTGGAGGGCATGAGGACCAGCGACCCTA 

VCLTAALCFQVTSR. TPGRWD 

CACCAATTCTACATGAGGTTCACCGCATCACTGGATGAATGGACTGCTGGGGCACGTGCA 

2101 -— + + -i- + 2160 

GTGGTTAAGATGTACTCCAAGTGGCGTAGTGACCTACTTACCTGACGACCCCGTGCACGT 

HQFYMRF TASLDEWTAGARA 

GCATTTGATGGCTCTGGCCAGAGGTTGTCCCCTCGGAGGCTCCGGCTCAGTGTGGGGAAT 

2161 f + + + + + 2220 

CGTAAACTACCGAGACCGGTCTCCAACAGGGGAGCCTCCGAGGCCGAGTCACACCCCTTA 

AFDGSGQRLSPRRLRLS'VGN 

GTCACTTGTGAGCAGCTACACTTCCATGTGCTGGATACATCAGATTACCTCCGGCCAGTG 

2221 -+ + + + + + 2280 

C AGT GAAC ACT CG T CGATGTG AAGGTACAC G AC CT ATGT AGTCT AATGGAGGC CGG TC AC 

VTCEQ LHFHVLDTSDYLRPV 

GCCTTGACTGTGACCTTTGCCTTGGACAATACTACAAAGCCAGGGCCTGTGCTGAATGAG 

2281 + +- + + -f- + 2340 

CGGAACTGACACTGGAAACGGAACCTGTTATGATGTTTCGGTCCCGGACACGACTTACTC 

AL TVTFAL DNTTKP GPVLNE - 

GGCTCACCCACCTCTATACAAAAGCTGGTCCCCTTCTCAAAGGATTGTGGCCCTGACAAT. 

2341 + + + + + 2400 

CCGAGTGGGTGGAGATATGTTTTCGACCAGGGGAAGAGTTTCCTAACACCGGGACTGTTA 

GSPTS IQKLVPFSKDCGPDN 
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GAATGTGTCACAGACCTGGTGCTTCAAGTGAATATGGACATCAGAGGCTCCAGGAAGGCC 

2401 + + +— + + + 2460 

CTTACACAGTGTCTGGACCACGAAGTTCACTTATACCTGTAGTCTCCGAGGTCCTTCCGG 

ECVT D LVL QVN M D I R-G S R K A ~ 

CCATTTGTGGTTCGAGGTGGCCGGCGGAAAGTGCTGGTATCTACAACTCTGGAGAACAGA 

2461 + + + + + + 2520 

GGTAAACACCAAGCTCCACCGGCCGGCTTTCACGACCATAGATGTTGAGACCTCTTGTCT 

PFVVRGGR'RKVLVST'T l e n r 

AAGGAAAATGCTTACAATACGAGCCTGAGTATCATCTTCTCTAGAAACCTCCACCTGGCC 

2521—- + +— r + -+ '+ + 2580 

TTCCTTTTACGAATGTTATGCTCGGACTCATAGTAGAAGAGATCTTTGGAGGTGGACCGG 

KENAYNTS L S I I FSRNLHLA 

AGTCTCACTCCTCAGAGAGAGAGCCCAATAAAGGTGGAATGTGCCGCCCCTTCTGCTCAT 

2581 + + + + + + 2640 

TCAGAGTGAGGAGTCTCTCTCTCGGGTTATTTCCACCTTACACGGCGGGGAAGACGAGTA 

S L T P QRE S P I KVE C AA P S A H 

GCCCGGCTCTGCAGTGTGGGGCATCCTGTCTTCCAGACTGGAGCCAAGGTGACCTTTCTG 
2641 + : + + :+ +- + 2700 

cgggccgagacgtcacaccccgtaggacagaaggtctgacctcggAccactggaaagac 
arlc.svghpv f q. tgakvtfl 
ctagagtttgagtttagctgctcctctgtcctgagccaggtctttgggaagctgactgcc 

2701 + + + + + + 2760 

gatctcaaactcaaatcgacgaggagagaggactcggtccagaaacccttcgactgacgg 

lefefscs'sllsqvfgklta 

agcagtgacagcctggagagaaatggcacccttcaagaaaacacagcccagacctcagcc 

2761 — + + +— + +— + 2820 

tcgtcactgtcggacctctctttaccgtgggaagttcttttgtgtcgggtctggagtcgg 

ssdslerngtlqentaqtsa 

tacatccaatatgagccccacctcctgttctctagtgagtctaccctgcaccgctatgag 

2821 +-- + + +- — + + 2880 

atgtaggttatactcggggtggaggacaagagatcactcagatgggacgtggcgatactc 
y iqyep hllfss estlhrye - 
gttcacccat atgggaccct cccagtgggtcctggcccagaattcaaaaccactct cagg " 

28B1 .+ : + + ~+ + 294 0 

CAAGTGGGTATACCCTGGGAGGGTCACCCAGGACCGGGTCTTAAGTTTTGGTGAGAGTCC 

V HPYGTLP VGPGPE FK TTL R 

GTTCAGAACCTAGGCTGCTATGTGGTCAGTGGCCTCATCATCTCAGCCCTCCTTCCAGCT 

2941 + + — + + +— + ,3000 

CAAGTCTTGGATCCGACGATACACCAGTCACCGGAGTAGTAGAGTCGGGAGGAAGGTCGA" 

VQNLGCYVVSGL I I S A L L PA - 

GTGGCCCATGGGGGCAATTACTTCCTATCACTGTCTCAAGTCATCACTAACAATGCAAGC 

3001 +- + + + ; + + 3060 

CACCGGGTACCCCCGTTAATGAAGGATAGTGACAGAGTTCAGTAGTGATTGTTACGTTCG 

VAHGGNYFLSLSQVITNNAS 
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TGCATAGTGCAGAACCTGACTGAACCCCCAGGCCCACCTGTGCATCCAGAGGAGCTTCAA 

3061 + + + + +- + 3120 

ACGT AT CACGT CTTGG ACTGACT TGGGGGT CCGGGTGGACACGT AGGTCT CCT CG AAGT T 

i CIVQNL.TEPP GPPVHPEE'LQ - ' 

CACACAAACAGACTGAATGGGAGCAATACTCAGTGTCAGGTGGTGAGGTGCCACCTTGGG 

.3121 + t + 4 '-+ + + 3180 

GTGTGTTTGTCTGACTTACCCTCGTTATGAGTCACAGTCCACCACTCCACGGTGGAACCC 

i HTNRLNGSNTQCQV VRCHLG 

CAGC TGGC AAAGGGGACTGAGGT CTCT GTTGG AC TAT.TGAGG CTGG T T C AC AATGAATTT 

3181 + + + .+ + : + 3240 

GTCGACCGTTTCCCCTGACTCCAGAGACAACCTGATAACTCCGACCAAGTGTTACTTAAA 

i QLA KGTEVSVGLLRLVHN EF 

TTCCGAAGAGCCAAGTTCAAGTCCCTGACGGTGGTCAGCACCTTTGAGCTGGGAACCGAA 

3241 : +— - + + + + 3300 

•AAGGCTTCTCGGTTCAAGTTCAGGGACTGCCACCAGTCGTGGAAACTCGACCCTTGGCTT 

a F R RAK FK S L T V V S T F E L G T E 

GAGGGCAGTGTCCTACAGCTGACTGAAGCCTCCCGTTGGAGTGAGAGCCTCTTGGAGGTG 

3301 + ; + + -~ + + + 3360 

CTCCCGTCACAGGATGTCGACTGACTTCGGAGGGCAACCTCACTCfCGGAGAACCTCCAC 

l EGSY LQL.T. .E.A SRWSESL LEV 

GTTCAGACCCGGCCTATCCTCATCTCCCTGTGGATCCTCATAGGCAGTGTCCTGGGAGGG 

3361 + + — + -+ — +— + 3420 

CAAGTCTGGGC CGG AT AGGAGT AGAGGGAC ACCT AGG AGT AT CCGTCACAGGAC CCTCC C 

a VQT RPILISLWIL .IGSVLG G 

TTGCTCCTGCTTGCTCTCCTTGTCTTCTGCCTGTGGAAGCTTGGCTTCTTTGCCCATAAG 

3421 — + * ' + -+ + + + 3480 

AACGAGGACGAACGAGAGGAACAGAAGACGGACACCTTCGAACCGAAGAAACGGGTATTC 

1 LL L LALLVFC L WKLGFFAHK 

AAAATCCCTGAGGAAGAAAAAAGAGAAGAGAAGTTGGAGCAATGAATGTAGAATAAGGGT 

3481 + + -+ +— + + 3540 

TTTTAGGGACTCCTTCTTTTTTCTCTTCTCTTCAACCTCGTTACTTACATCTTATTCCCA 

i KIPEEEKREE KLE Q 

CTAGAAAGTCCTCCCTGGCAGCTTTCTTCAAGAGACTTGCATAAAAGCAGAGGTTTGGGG 

3541 + + : + :+-— --+ + 3600 

GATCTTTCAGGAGGGACCGTCGAAAGAAGTTCTCTGAACGTATTTTCGTCTCCAAACCCC 



GCTCAGATGGGACAAGAAGCCGCCTCTGGACTATCTCCCCAGACCAGCAGCCTGACTTGA 

3601 + + + + + + 3660 

CGAGTCTACCCTGTTCTTCGGCGGAGACCTGATAGAGGGGTCTGGTCGTCGGACTGAACT 



CTTTTGAGTCCTAGGGATGCTGCTGGCTAGAGATGAGGCTTTACCTCAGACAAGAAGAGC 

3661 + + + + : + + 3720 

GAAAACTCAGGATCCCTACGACGACCGATCTCTACTCCGAAATGGAGTCTGTTCTTCTCG 
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TGGCACCAAAACTAGCCATGCTCCCACCCTCTGCTTCCCTCCTCCTCGTGATCCTGGTTC 

3721 + + + + + + 3780 

ACCGTGGTTTTGATCGGTACGAGGGTGGGAGACGAAGGGAGGAGGAGCACTAGGACCAAG 



. CATAGGCAACACTGGGGCTTTTGTTTGGGGTCCTTTTATCCCCAGGAATCAATAATTTTT 

3781 -+ + +— + + 3840 

GTATCGGTTGTGACCCCGAAAACAAACCCCAGGAAAATAGGGGTCCTTAGTTATTAAAAA 



TTG CCTAGGAAAAAAAAAAGCGGCCG CGAAT TCGATAT C AAG CT 

3841 ; -+ + +- + 3884 

AACGGATCCTTTTTTTTTTCGCCGGCGCTTAAGCTATAGTTCGA 
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(2) INFORMATION FOR SEQ ID NO. 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3779 base pairs 

(B) TYPE: nucleid acid and amino acid 

(C) STRANDEDNESS: double 
. (D) TOPOLOGY: linear 

(E) 

(i) MOLECULAR TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: human 

(B) CELLTYPE: chondrocyte 

(xi) SEQUENCE DESCRIPTION: SEQ ID. NO. 2: 



CAGGTCAGAAACCGATCAGGCATGGAACTCCCCTTCGTCACTCACCTGTTCTTGCCCCTG . 
1 + + + + + + go 

GTCCAGTCTTTGGCTAGTCCGTACCTTGAGGGGAAGCAGTGAGTGGACAAGAACGGGGAC ■ 

MELPFVTHLFLPL 

GTGTTCCTGACAGGTCTCTGCTCCCCCTTTAACCTGGATGAACATCACCCACGCCTATTC 

61 + + + + —* + + 120 

C ACAAGGACTGTC CAGAGACG AGGGGG AAAT TGGACCTACTTGT AGTGG GTG CGGATAAG 

VFLTGLCSPFNLD EHHPRLF 

CC AGGGCC ACCAG AAGCT GAATTTGG AT AC AGTGTCT TAC AACATGT T GGGGGTGGAC AG 

12 i + + + + +— + 180 

GGTCCCGGTGGTCTTCGACTTAAACCTATGTCACAGAATGTTGTACAACCCCCACCTGTC 

PGPPEAEF.GYSV LQHV GG GQ 

. CGATGGATGCTGGTGGGCGCCCCCTGGGATGGGCCTTCAGGCGACCGGAGGGGGGACGTT 

181 + + + + + + 240 

GCTACCTACGACCACCCGCGGGGGACCCTACCCGGAAGTCCGCTGGCCTCCCCCCTGCAA 

RWMLVGAP W.D.G P S G D RR GDV - 

TATCGCTGCCCTGTAGGGGGGGCCCACAATGCCCCATGTGCCAAGGGCCACTTAGGTGAC 

241 + + + + -+ + 300 

AT AGC GACGGG AC ATC CC C CCCGGGTG TT ACGGGGT ACACGGTTC CCGGT GAATCC ACT G 

YRCPV GG.AHNAPCAKGH LGD 

TACC AACTGGG AAATT CAT C TC AT CCT GCTGTG AAT ATGC ACCTGGGG AT GT CTCTGTT A 

301 + + + + + + 360 

ATGGTTGACCCTTTAAGTAGAGTAGGACGACACTTATACGTGGACCCCTACAGAGACAAT 

YQLGNS SHPAVNMHLGMSLL 

GAGACAGATGGTGATGGGGGATTCATGGCCTGTGCCCCTCTCTGGTCTCGTGCTTGTGGC 
361 + + + + + + 420 

CTCTGTCTACCACTACCCCCTAAGTACCGGACACGGGGAGAGACCAGAGCACGAACACCG 

ET DG DG GFMACAP LW S RACG - 

AGCTCTGTCTTCAGTTCTGGGATATGTGCCCGTGTGGATGCTTCATTCCAGCCTCAGGGA 

421 + + + + + + 480 

TCGAGACAGAAGTCAAGACCCTATACACGGGCACACCTACGAAGTAAGGTCGGAGTCCCT . 
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SSVFSSGICARVDASFQPQG 

AGCCTGGCACCCACTGCCCAACGCTGCCCAACATACATGGATGTTGTCATTGTCTTGGAT 

431 — + + + + + 540 

TCGGACCGTGGGTGACGGGTTGCGACGGGTTGTATGTACCTACAACAGTAACAGAACCTA 

S LA PTAQRC PT YMDVV I V L D - 

GGCTCCAACAGCATCTACCCCTGGTCTGAAGTTCAGACCTTCCTACGAAGACTGGTAGGG 

541 --+--• +- +. — + + + 600 

CCGAGGTT GTCGT AGATGGGG ACC AGACTTC AAGT CTGG AAGG ATG CT TCTGACC ATCCC 

G S N'S I YPWSEVQT FLRRLVG 

AAACTGTTTATTGACCCAGAACAGATACAGGTGGGACTGGTACAGTATGGGGAGAGCCCT 

601 +-. + + + + + 660 

TTTGACAAATAACTGGGTCTTGTCTATGTCCACCCTGACCATGTCATACCCCTCTCGGGA 

KLFI DPEQIQVGLVQYGESP - 

GT AC AT GAG TGGTCCCTGGG AG ATTT C CGAACGAAGGAAGAAGT GGTGAG AGC AGCAAAG 
66 1 + + + + + 720 

CATGTACTCACCAGGGACCCTCTAAAGGCTTGCTTCCTTCTTCACCACTCTCGTCGTTTC 

V HEWS LGDF'RTKEEVV RAAK 

AACCTCAGTCGGCGGGAGGGACGAGAAACAAAGACTGCCCAAGCAATAATGGTGGCCTGC 

721 + + +- + + + 780 

TTGGAGTCAGCCGCCCTCCCTGCTCTTTGTTTCTGACGGGTTCGTTATTACCACCGGACG 

NLSRRE GRETKTAQAIMVAC 

ACAGAAGGGTTCAGTCAGTCCCATGGGGGCCGACCCGAGGCTGCCAGGCTACTGGTGGTT 

781 + + +— +— +— + 840 

TGTCTTCCCAAGTCAGTCAGGGTACCCCCGGCTGGGCTCCGACGGTCCGATGACCACCAA 

T E G FS Q S HGG R PEAARL LVV 

GTCACTGATGGAGAGTCCCATGATGGAGAGGAGCTTCCTGCAGCACTAAAGGCCTGTGAG 

841 + + — + +— + — + 900 

CAGTGACTACCTCTCAGGGTACTACCTCTCCTCGAAGGACGTCGTGATTTCCGGACACTC 

VTD GE SHD.G.EEL PAALKA CE. - 

GCTGGAAGAGTGACACGCTATGGGATTGCAGTCCTTGGTCACTACCTCCGGCGGCAGCGA 

901 + + + + + ^+ 960 

CGACCTTCTCACTGTGCGATACCCTAACGTCAGGAACCAGTGATGGAGGCCGCCGTCGCT 

AGRVTRYGIAVL GHYL RRQR 

GAT CCCAGCTCTTT CCT G AG AGAAATT AG AACTAT T GC C AGT GATCCAG ATGAGCG AT T C 

961 - + ; + + + 4-—- + 1020 

CTAGGGTCGAGAAAGGACTCTCTTTAATCTTGATAACGGTCACTAGGTCTACTCGCTAAG 

DPSSFLREIRTIASDP DERF 

TTCTTCAATGTCACAGATGAGGCTGCTCTGACTGACATTGTGGATGCACTAGGAGATCGG 

1021 + + + + + + 1080 

. AAGAAGTTACAGTGTCTACTCCGACGAGACTGACTGTAACACCTACGTGATCCTCTAGCC 

FFNVTDEAALTDIVDAL GDR - 

ATTTTTGGCCTTGAAGGGTCCCATGCAGAAAACGAAAGCTCCTTTGGGCTGGAAATGTCT 

1081 +. + + + -f- + 1140 

TAAAMCCGGAACTTCCCAGGGTACGTCTTTTGCTTTCGAGGAAACCCGACCTTTACAGA 
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a I FGLEGSHAENESSFG1EMS 

CAGATTGGTTTCTCCACTCATCGGCTAAAGGATGGGATTCTTTTTGGGATGGTGGGGGCC 

1141 -; +-- --+ + + + + 1200 

GTCTAACCAAAGAGGTGAGTAGCCGATTTCCTACCCTAAGAAAAACCCTACCACCCCCGG 

a QIGFSTHRL KDGILFG MVGA 

TATGACTGGGGAGGCTCTGTGCTATGGCTTGAAGGAGGCCACCGCCTTTTCCCCCCACGA 

1201 :.-+ + - — ■+* + + + 1260 

ATACTGACCCCTCCGAGACACGATACCGAACTTCCTCCGGTGGCGGAAAAGGGGGGTGCT 

a Y DWG GSVLWLE GG HRL F P P.R 

ATGGCACTGGAAGACGAGTTCCCCCCTGCACTGCAGAACCATGCAGCCTACCTGGGTTAC 

1261 + + + + + + 1320 

TACCGTGACCTTCTGCTCAAGGGGGGACGTGACGTCTTGGTACGTCGGATGGACCCAATG 

a MAL E DEFP PALQN H A A Y LGY 

TCTGTTTCTTCCATGCTTTTGCGGGGTGGACGCCGGCTGTTTCTCTCTGGGGCTCCTCGA 

1321 + + + + + + 1380 

AGACAAAGAAGGTACGAAAACGCCCCACCTGCGGCGGACAAAGAGAGACCCCGAGGAGCT 

a SV SSMLL.RGG RR L.F LSGAPR 

TTTAGACATCGAGGAAAAGTCATCGCCTTCCAGCTTAAGAAAGATGGGGCTGTGAGGGTT 

1381 + + + + ! + + 1440 

AAATCTGTAGCTCCTTTTCAGTAGCGGAAGGTCGAATTCTTTCTACCCCGACACTCCCAA 

a F R H R G K V I. A F'Q L K K D G A V R V 

GCCCAGAGCCTCCAGGGGGAGCAGATTGGTTCATACTTTGGCAGTGAGCTCTGCCCATTG 

1441 + -+ + +-—--- + +. 1500 

CGGGTCTCGGAGGTCCCCCTCGTCTAACCAAGTATGAAACCGTCACTCGAGACGGGTAAC 

a A Q S L QG'E Q.I G S Y FG S E L C P L 

GATACAGATAGGGATGGAACAACTGATGTCTTACTTGTGGCTGCCCCCATGTTCCTGGGA 

1501 t-+ + + + + + 1560 

CTATGTCTATCCCTACCTTGTTGACTACAGAATGAACACCGACGGGGGTACAAGGACCCT 

a DT D R DGTT D.VLLVAA PM FL G 

CGCCAGAACAAGGAAACAGGACGTGTTTATGTGTATCTGGTAGGCCAGCAGTCCTTGCTG 

1561 -+ + s + + + + 1620 

GGGGTCTTGTTCCTTTGTCCTGCACAAATACACATAGACCATCCGGTCGTCAGGAACGAC 

a P QNKETGRV YVYLVGQ QSLL 

ACCCTCCAAGGAACACTTCAGCCAGAACCCCCCCAGGATGCTCGGTTTGGCTTTGCCATG 

1621 + +- + + + + 1680 

TGGGAGGTTCCTTGTGAAGTCGGTCTTGGGGGGGTCCTACGAGCCAAACCGAAACGGTAC 

a TL Q GTLQP EPPQDARFG. FAM 

GGAGCTCTTCCTGATCTGAACCAAGATGGTTTTGCTGATGTGGCTGTGGGGGCGCCTCTG 

1681 — + + + + — + ' + 1740 

CCTCGAGAAGGACTAGACTTGGTTCTACCAAAACGACTACACCGACACCCCCGCGGAGAC 

a GAL P DLNQDGFADVAV GAPL 

GAAGATGGGCACCAGGGAGCACTGTACCTGTACCATGGAACCCAGAGTGGAGTCAGGCCC 

1741 + + + + + + 1800 

CTTCTACCCGTGGTCCCTCGTGACATGGACATGGTACCTTGGGTCTCACCTCAGTCCGGG 
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a EDGHQGALYLYHGTQSGV RP - 

CATCCTGCCCAGAGGATTGCTGCTGCCTCCATGCCACATGCCCTCAGCTACTTTGGCCGA 

1801 — ; + + + + + — + 1860 

GTAGGACGGGT CTCCTAACGACGACGGAGGT ACGGTGT ACGGGAGT CGATGAAACCGGCT 

a HPAQ-RIAAASMPH. ALSYFGR 

AGTGTGGATGGTCGGCTAGATCTGGATGGAGATGATCTGGTCGATGTGGCTGTGGGTGCC 

1861 — +— + + + + + 1920 

TCACACCTACCAGCCGATCTAGACCTACCTCTACTAGACCAGCTACACCGACACCCACGG 

a S V D G'RL DL DG D D-L V D VA V GA 

CAGGGGGCAGCCATCCTGCTCAGCTCCCGGCCCATTGTCCATCTGACCCCATCACTGGAG 

1921— + +- + + ;-+ + 1980 

GTCCCCCGTCGGTAGGACGAGTCGAGGGCCGGGTAACAGGTAGACTGGGGTAGTGACCTC 

a Q G.AA I L L S S R P I V H L • T P S L E - 

GTGACCCCACAGGCCATCAGTGTGGTTCAGAGGGACTGTAGGCGGCGAGGCCAAGAAGCA 

!981 + + — + -+ + + 2040 

CACTGGGGTGT CCGGTAGTCACACCAAGTCTCCCTGACATCCGCCGCTCCGGTTCTT CGT 

a V T PQAI SVVQR DCRRRGQEA 

GT CTGTCTG AC TGCAGCCCTTTGCT TCCAAGT GACC TCCCG T ACT CCT GGTCGCT GGGAT 

2041 +— -+ + -* + + 2100 

CAGACAGACTGACGTCGGGAAACGAAGGTTCACTGGAGGGCATGAGGACCAGCGACCCTA 

a V C L T A A L C F Q V T SRTPGRWD - 

C ACC AATTCT ACATG AGGTTC ACCG CAT C ACT GG ATGAATGGACT GCTGGGGCACGTGC A 

2101 + + + ^~ -+ + + 2160 

GTGGTTAAGATGTACTCCAAGTGGCGTAGTGACCTACTTACCTGACGACCCCGTGCACGT 

a H QF YMRFTASLDEWTAGARA 

GCATTTGATGGCTCTGGCCAGAGGTTGTCCCCTCGGAGGCTCCGGCTCAGTGTGGGGAAT 

2161 : + + + + + + 2220 

CGTAAACTACCGAGACCGGTCTCCAACAGGGGAGCCTCCGAGGCCGAGTCACACCCCTTA 

a AFDGSGQRLS PR RLRLSVGN 

GTCACTTGTGAGCAGCTACACTTCCATGTGCTGGATACATCAGATTACCTCCGGCCAGTG 

2221 + + + +- + + 2280 

CAGTGAACACTCGTCGATGTGAAGGTACACGACCTATGTAGTCTAATGGAGGCCGGTCAC ■ 

a VTC EQLHFHVL DTSDY-LRPV - . 

GCCTTGACTGTGACCTTTGCCTTGGACAATACTACAAAGCCAGGGCCTGTGCTGAATGAG 

2281 r+ + ~--f- +- + + 2340 

CGGAACTGACACTGGAAACGGAACCTGTTATGATGTTTCGGTCCCGGACACGACTTACTC 

a A L T V T F A L D N T T K P G P : V L N E 

GGCTCACCCACCTCTATACAAAAGCTGGTCCCCTTCTCAAAGGATTGTGGCCCTGACAAT 

2341 + — + + + + + 2400 • 

CCGAGTGGGTGGAGATATGTTTTCGACCAGGGGAAGAGTTTCCTAACACCGGGACTGTTA 

a GSP TSIQK LVPFSKDCG PDN 

GAATGTGTCACAGACCTGGTGCTTCAAGTGAATATGGACATCAGAGGCTCCAGGAAGGCC 

2401 + + +- + + + 2460 

CTTACACAGTGTCTGGACCACGAAGTTCACTTATACCTGTAGTCTCCGAGGTCCTTCCGG 
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a ECVTDLVLQVNMDIRG SRKA - 

CCATTTGTGGTTCGAGGTGGCCGGCGGAAAGTGCTGGTATCTACAACTCTGGAGAACAGA 

2461 — + + — + + + + 2520 

GGTAAACACCAAGCTCCACCGGCCGCCTTTCACGACCATAGATGTTGAGACCTCTTGTCT 

a PFVVR GGR RKVLVSTTLENR - 

- AAGGAAAATGCTTACAATACGAGCCTGAGTATCATCTTCTCTAGAAACCTCCACCTGGCC 

2521 + +— -r + + + + 2580 

TTGCTTTTACGAATGTTATGCTCGGACTCATAGTAGAAGAGATCTTTGGAGGTGGACCGG 

a K ENAYN T S L'S I I F S R N L H LA 

AGTCTCACTCCTCAGAGAGAGAGCCCAATAAAGGTGGAATGTGCGGCCCCTTCTGCTCAT 

2581 — + +-- +— + + + 2640 

TCAGAGTGAGGAGTCTCTCTCTCGGGTTATTTCCACCTTACACGGCGGGGAAGACGAGTA 

a S LT PQRES P I KVE CAA P SAH. .- 

. GCCCGGCTCTGCAGTGTGGGGCATCCTGTCTTCCAGACTGGAGCCAAGGTGACCTTTCTG 

2641 + + + + + + 2700 

CGGGCCGAGACGTCACACCCCGTAGGACAGAAGGTCTGACCTCGGTTCCACTGGAAAGAC 

a ARLC SVG HPVF QTGAK VTFL 

CTAGAGTTTGAGTTTAGCTGCTCCTCTCTCCTGAGCCAGGTCTTTqGGAAGCTGACTGCC 

2701 -+ + + + + 27 60 

GAT CT CAAAGTC AAAT CG ACGAGGAG AGAGG ACTCGGTCC AG AAACCCT T CGACTG ACGG 

a LEFEFSCS SLLSQ VFGKLTA - 

AGCAGTGACAGCCTGGAGAGAAATGGCACCCTTCAAGAAAACACAGCCCAGAGCTCAGCC 

2761 + + + — + + 2820 

TCGTCACTGTCGGACCTCTCTTTACCGTGGGAAGTTCTTTTGTGTCGGGTCTGGAGTCGG 

a S S DS L E RN GT L Q EN T A Q T S A - 

TACATCCAATATGAGCCCCACCTCCTGTTCTCTAGTGAGTCTACCCTGCACCGCTATGAG ' 

2821 — + + + + +— + 2880 

ATGT AGGTTAT ACT CGGGGTGG AGGACAAGAGATC ACT C AGAT GGG ACG TG GCG AT ACT C 

a Y I QYE PHLL FS SE STLH RY E 

GTTCACCCATATGGGACCCTCCCAGTGGGTCCTGGCCCAGAATTCAAAACCACTCTCAGG 

2881 + + + — — + + + 2940 

C AAGTGGGTAT ACC CTGGGAGGGT C ACCC AGGACCGGGT C TT AAGTT TT GGTG AG AGT CC 

a VHPYGTLPVGPGPEFK TTL R. - 

ACTAACAATGCAAGCTGCATAGTGCAGAACCTGACTGAACCCCCAGGCCCACCTGTGCAT 

2941 + + + + -h + 3000 

TGATTGTTACGTTCGACGTATCACGTCTTGGACTGACTTGGGGGTCCGGGTGGACACGTA 

a TNNASCIVQNLTE PPG PPVH 

CCAG AGGAGCT T CAAC AC AC AAAC AG ACT G AATGGG AGC AAT ACT C AGT GT CAGGTGG TG 

3001 + +— — + + + + 3060 

GGTCTCCTCGAAGTTGTGTGTTTGTCTGACTTACCCTCGTTATGAGTCACAGTCCACCAC 

a PE ELQHTNRLNG SNTQ.CQVV - 

AGGTGCCACCTTGGGCAGCTGGCAAAGGGGACTGAGGTCTCTGTTGGACTATTGAGGCTG 

3061 f — + + + +— . + 3120 

TCCACGGTGGAACCCGTCGACCGTTTCCCCTGACTCCAGAGACAACCTGATAACTCCGAC 
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a R. CHLGQLAKGTEVS V GLLRL 

GTTCACAATGAATTTTTCCGAAGAGCCAAGTTCAAGTCCCTGACGGTGGTCAGCACCTTT 

3121 + + + + + ; + 31B0 

CAAGTGTTACTTAAAAAGGCTTCTCGGTTCAAGTTCAGGGACTGCCACCAGTCGTGGAAA 

a VH NEFFRRAKFKSLTVVSTF 

GAGCTGGGMCCGAAGAGGGCAGTGTCCTACAGCTGACTGAAGCCTCCCGTTGGAGTGAG 

3181 : + + — + + + + 3240. 

CTCGACCCTTGGCTTCTCCCGTCACAGGATGTCGACTGACTTCGGAGGGCAACCTCACTC 

a E L G T • E £ G S V L Q L T E A S R W S E 

AGCCTCTTGGAGGTGGTTCAGACCCGGCCTATCCTCATCTCCCTGTGGATCCTCATAGGC 

3241 + + + + + + 3300 

TCGGAGAACCTCCACCAAGTCTGGGCCGGATAGGAGTAGAGGGACACCTAGGAGTATCCG 

a SLLE'VVQTRPILISLWILIG 

AGTGTCCTGGGAGGGTTGCTCCTGCTTGCTCTCCTTGTCTTCTGCCTGTGGAAGCTTGGC ; 

3301 -— + +— +— + + + 3360 

T C AC AGGACCC T C CCAACG AGGACG AACGAG AGGAAC AG AAGACGG AC ACCTTCGAAC CG 

a S VLGGLLLLALLV'FCLWK'LG - • . , 

TT CTTT GC CC AT AAGAAAATCCCTG AGGAAG AAAAAAGAGAAG AG AAGT T GG AGCAATGA 

3361 + +- + + J— + ---+ 3420 

AAGAAACGGGTATTCTTTTAGGGACTCCTTCTTTTTTCTCTTCTCTTCAACCTCGTTACT 

a FFA HKKIPEEE KREEKLEQ 

ATGTAGAATAAGGGTCTAGAAAGTCCTCCCTGGCAGCTTTCTTCAAGAGACTTGCATAAA 

3421 + + + + + -+ 3480 

T ACATCT T ATT CCCAGAT C TTTCAGGAGGG AC CGTCG AAAGAAGTT CT CTGAACGTAT TT 



AGCAGAGGTTTGGGGGCTCAGATGGGACAAGAAGCCGCCTCTGGACTATCTCCCCAGACC 

3481 + + — + r +- + + 3540 

TCGTCTCCAAACCCCCGAGTCTACCCTGTTCTTCGGCGGAGACCTGATAGAGGGGTCTGG 



AGCAGCCT G ACT TGACT TT TG AGT CCT AGGG ATG CT G CTG GCT AG AG ATG AGGCT TT ACC 

3541 + — +— + + + + 3600 

TCGTCGGACTGAACTGAAAACTCAGGATCCCTACGACGACCGATCTCTACTCCGAAATGG 



TCAGACAAGAAGAGCTGGCACCAAAACTAGCCATGCTCCCACCCTCTGCTTCCCTCCTCC 

3601 + + .---—-+ + -+ + 3660 

AGTCTGTTCTTCTCGACCGTGGTTTTGATCGGTACGAGGGTGGGAGACGAAGGGAGGAGG 



TCGTGATCCTGGTTCCATAGCCAACACTGGGGCTTTTGTTTGGGGTCCTTTTATCCCCAG 

3661 + : + +— — »-« — +- + + 3720 

AGCACTAGGACCAAGGTATCGGTTGTGACCCCGAAAACAAACCCCAGGAAAATAGGGGTC 



GAATCAATAATTTTTTTGCCTAGGAAAAAAAAAAGCGGCCGCGAATTCGATATCAAGCT 

3721 + + -+ + — 3779 

CTTAGTTATTAAAAAAACGGATCCTTTTTTTTTTCGCCGGCGCTTAAGCTATAGTTCGA " 
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(2) INFORMATION FOR SEQ ID NO. 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 143 base pairs 

(B) TYPE: nucleic acid and amino acid 

(C) STRANDEDNESS: double 
•(D) TOPOLOGY: linear 

(iii) MOLECULAR TYPE: cDNA 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: human 

(B) CELLTYPE: chondrocyte 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO. 3: 

Ndel 
I 

GGGGCATATGGTTCAGAACCTGGGTTGCTACGTTGTTTCCGGTCTGATCATCTCCGCTCT 

I + + + +--— + + 60- 

CC CCGT AT ACC AAGT CTTGG ACCC AACGATGCAAC AAAGG CCAG ACTAGTAGAGGCGAG A 

b ~ GHM VQNLGCY. V V S G L i.I I S A L - 

GCTGCCGGCTGTTGCTCACGGTGGTAACTACTTCCTAAGCTTGTCCCAGGTTATCAGCGG 
61 ___ + + . + + + + 120 

CGACGGCCGACAACGAGTGCCACCATTGATGAAGGATTCGAACAGGGTCCAATAGTCGCC 

b L PAVAHGGNY F LS L S QV I S G - . 

BamHI 
I 

CCTGGTGCCGCGCGGATCCCCCC 

121 + + 143 

GGACCACGGCGCGCCTAGGGGGG 

b LVPRGSP- 
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CLAIMS 

1. A recombinant or isolated integrin, subunit ctlO 
5 comprising the amino acid sequence shown in SEQ ID No. 1 
or SEQ ID No. 2, or homologues or fragments thereof hav- 
ing similar biological activity. 

. 2. A process of producing a recombinant integrin 
subunit alO comprising the amino acid sequence shown in 
10 SEQ ID No. 1 or SEQ ID No. 2, or homologues or fragments 
thereof having similar biological activity, which process 
comprises the steps of 

a) isolating a polynucleotide comprising a nucleo- 
tide sequence coding for an integrin subunit alO, or 

15 homologues or fragments thereof having similar biological 
activity, 

b) constructing an expression vector comprising the 
isolated polynucleotide, 

c) transforming a host cell with said expression 
20 vector, 

d) culturing said transformed host cell in a culture 
medium under conditions suitable for expression of inte- 
grin subunit alO, or homologues or fragments thereof hav- 
ing similar biological activity, in said transformed host 

25 cell, and, optionally, 

e) isolating the integrin subunit alO, or homologues 
or fragments thereof having similar biological activity, 
from said transformed host cell or said culture medium. 

3. A process of providing an integrin subunit alO, 
30 or homologues or fragments thereof having similar biolo- 
gical activity, whereby said subunit is isolated from a 
cell in which it is naturally present. 

4. An isolated polynucleotide comprising a nucleo- 
tide coding for an integrin subunit alO, or for homolo- 

35 gues or fragments thereof, which polynucleotide comprises 
the nucleotide sequence shown in SEQ ID No. 1 or SEQ ID 
No. 2 or suitable parts thereof. 



WO 99/51639 



PCT/SE99/00544 



51 

5. An isolated polynucleotide or oligonucleotide 
which hybridises to a DNA or RNA encoding an integrin 
subunit alO or homologues or fragments thereof, where- 
in said polynucleotide or oligonucleotide fails to 

5 hybridise to a DNA or RNA encoding an integrin subunit 
ril. 

6. A vector comprising a polynucleotide or oligo- 
nucleotide coding for an integrin subunit alO, or homo- 
logues or fragments thereof, which polynucleotide or oli- 

10 gonucleotide comprises the nucleotide sequence shown in 
SEQ ID No. 1 or SEQ ID "No. 2 or parts thereof. 

7. A vector comprising a polynucleotide or oligonu- 
cleotide which hybridises to a DNA or RNA encoding an 
integrin subunit alO or homologues or fragments thereof/ 

15. wherein said polynucleotide or oligonucleotide fails to 
hybridise to a DNA or RNA encoding an integrin subunit 
cel. 

8. A cell containing the vector as defined in any 
one of claims 6 and 7. 

20 9. A cell generated by the process in claim 2, in 

which a polynucleotide or oligonucleotide coding for an 
integrin subunit alO, or homologues or fragments there- 
of, which polynucleotide or oligonucleotide comprises the 
nucleotide sequence shown in SEQ ID No. 1 or SEQ ID No. 2 

25 or parts thereof has been stably integrated in the cell 
genome. 

10. Binding entities having the capability of bind- 
ing specifically to integrin subunit alO comprising the 
amino acid sequence of SEQ ID No. 1 or SEQ ID No. 2, or 
30 to homologues or fragments thereof. 

11.. Binding entities according to claim 10, which 
are chosen from the group comprising proteins, peptides, 
carbohydrates, lipids, natural integrin binding ligands, 
polyclonal and monoclonal antibodies, and fragments 
35 thereof. 

12. A recombinant or isolated integrin heterodimer 
comprising a subunit alO and a subunit (3, in which the 
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subunit alO comprises the amino acid sequence shown in 
SEQ ID No. 1 or SEQ ID No. 2, and homologues and frag- 
ments thereof having similar biological activity. 

13. A recombinant or isolated integrin heterodimer 
5 according to claim 12, wherein the subunit P is pi.. 

14. A process of producing a recombinant integrin 
heterodimer comprising a subunit alO and a subunit p, . in 
which the subunit alO comprises the amino acid sequence 
shown in SEQ ID No. 1 or SEQ ID No. 2, and homologues and 

10 fragments thereof , which process . comprises the steps of 

a) isolating one polynucleotide comprising a nucleo- 
tide sequence coding for a subunit alO of an integrin 
heterodimer and, optionally, another polynucleotide com- 
prising a nucleotide sequence coding for a subunit P of 

15 an integrin heterodimer, or polynucleotides or oligo- 
nucleotides coding for homologues or fragments thereof 
having similar biological activity, 

b) constructing an expression vector comprising 
said isolated polynucleotide coding for said subunit alO 

20 optionally in combination with an expression vector com-, 
prising said isolated nucleotide coding for said subunit 

Pi 

c) transforming a host cell with said expression 
vector or vectors, 

25 d) culturing said transformed host cell in a culture 

medium under conditions suitable for expression of an 
integrin heterodimer comprising a subunit alO and a .sub- 
unit P, or homologues or fragments thereof having similar 
biological activity, in said transformed host cell, and, 

30 optionally, 

. e) isolating the integrin heterodimer comprising a 
subunit alO and a subunit p, or homologues or fragments 
thereof having similar biological activity, or the alO 
subunit thereof from said transformed host cell or said 

35 culture medium. 

15. A process of providing an integrin heterodimer 
comprising a subunit alO and a subunit P, or homologues 



WO 99/5163? 



PCT/SE99/00544 



53 

or fragments thereof having similar biological activity, 
whereby said integrin heterodirner is isolated from a cell 
in which it is naturally present. 

16. A cell containing a first vector,- said first. 
5 vector comprising a polynucleotide or oligonucleotide 

coding for a subunit alO of an integrin heterodirner, or 
for homologues or parts thereof having similar biological 
activity, which polynucleotide or oligonucleotide com- 
prises the nucleotide sequence shown in SEQ ID No. 1 or 
10- SEQ ID No. 2 or parts thereof, and a second vector, said 
second vector comprising a polynucleotide or oligonucleo-^ 
tide coding for a subunit fi of an integrin heterodirner, 
or for homologues or fragments thereof. 

17. Binding entities having the capability of bind- 
15 ing specifically to the. integrin heterodirner comprising 

a subunit alO and a subunit (3, or to homologues or frag- 
ments thereof, or a" subunit alO thereof, having similar 
biological activity. 

18. Binding entities according to claim 17, wherein 
20 the subunit P is pi. 

19. Binding entities according to claim 17 or 18, 
which are chosen among the group comprising proteins, 
peptides, carbohydrates, lipids, natural integrin bind- 
ing ligands, and fragments thereof. 

25 20. A fragment of the integrin subunit alO, which 

fragment is a peptide chosen from the group comprising 
peptides of the cytoplasmic domain, the I-domain and the 
spliced domain. 

21. A fragment according to claim 20, which is a 
30 peptide comprising the amino acid sequence 

KLGFFAHKKI PEEEKREEKLEQ . 

22. A fragment according to claim 20, which com- 
prises the amino acid sequence from about amino. acid 
No. 952 to about amino acid no. 986 of SEQ ID No. 1. 

35 23. A fragment according to claim 20, which is a 

peptide comprising the amino acid sequence from about 
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amino acid No. 140 to about amino acid no. 337 of 
SEQ ID No. 1. 

24. A method of producing a fragment of the integrin 
subunit alO as defined in any one of claims 20-23, which 

5 method comprises a sequential addition of amino acids 
containing protective groups. 

25. A polynucleotide or oligonucleotide coding for 
a fragment of the integrin subunit alO as defined in any 
one of claims 20-23. 

10 26. Binding entities having the capability of bind- 

ing specifically to a fragment of the human integrin sub- 
unit alO as defined in any one of claims 20-23.. 

27. Binding entities according to claim 26, which 
are chosen from the group comprising proteins, peptides, 

15 carbohydrates, lipids, natural integrin binding ligands, 
and fragments thereof. 

28. A process of using an integrin subunit alO com- 
prising the amino acid sequence shown in SEQ ID No. 1 or 
SEQ ID No. 2, or an integrin heterodimer comprising said 

20 subunit alO and a subunit p, or a homologue or fragment 
of said integrin or subunit having similar biological 
activity, as a marker or target molecule of cells or tis- 
sues expressing said integrin subunit alO, which cells or 
tissues are of animal including human origin. 

25 29. A process according to claim 28, whereby said 

fragment is a peptide chosen from the group comprising 
peptides of the cytoplasmic domain, the I-domain and the 
spliced domain. 

30. A process according to claim 29, whereby said 
30 fragment is a peptide comprising the amino acid sequence 

KLGFFAHKKI PEEEKREEKLEQ . 

31. A process according to claim .29, whereby said . 
fragment comprises the amino acid sequence from about 
amino acid no. 952 to about amino acid no. 986 of 

35 SEQ ID No. 1. 

32. A process according to claim 29, whereby said 
fragment comprises the amino acid sequence from about 
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amino acid no. 140 to about amino acid no. 337 of 
SEQ ID No. 1. 

33. A process according to claim 28, whereby the 
subunit P is pi. 
5 34. A process according to claim 28, whereby said 

cells are chosen f rom_ the group comprising chondrocytes, 
smooth muscle cells, endothelial cells, osteoblasts and 
fibroblasts. 

35. A process according to any one of claims 28-34, 
10 which process is used during pathological conditions 

involving said subunit alO. 

36. A process according to claim 35, which patho- 
logical conditions comprise damage of cartilage. 

37. A process according, to claim 36, which patho- 
15 logical conditions comprise trauma, rheumatoid arthritis 

and osteoarthritis. 

38: A process according to any one of claims 28-34, 
which is a process for detecting the formation of car-, 
tilage during embryonal development. 
20 39. A process according to any one of claims 28-34, 

which is a process for detecting physiological or thera- 
peutic reparation of cartilage. 

40. A process according to any one of claims 28-34, 
which is a process for selection and analysis, or for 

•25 sorting, isolating or purification of chondrocytes. 

41. A process according to any one of claims 28-34, 
which is a process for detecting regeneration of carti- 
lage or chondrocytes during transplantation of cartilage 
or chondrocytes. 

30 42. A process according to any one of claims 28-34, 

which is a process for in vitro studies of differentia- 
tion of chondrocytes. 

. 43. A process of using binding entities having the 
capability of binding specifically to an integrin subunit 

35 alO comprising the amino acid sequence shown in SEQ ID 
No. 1 or SEQ ID No. 2, or an integrin heterodimer com- 
prising said subunit alO and a subunit p, or to homo- , 
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logues or fragments thereof having similar biological 
activity, as markers or target molecules of cells or 
tissues expressing said integrin subunit alO, which cells 
or tissues are of animal including human origin. 
5 44. A process according to claim 43, whereby said 

fragment is a peptide chosen from the group . comprising 
peptides of the cytoplasmic domain, the I-domain and the 
spliced domain. 

45. A process according to claim 43, whereby said 
10 fragment is a peptide comprising the amino acid sequence 

KLGFFAHKKI PEEEKREEKLEQ 

46. A process according to claim 43, whereby said 
fragment comprises the amino acid sequence from about 
amino acid no. 952 to about amino acid no. 986 of 

15 SEQ ID No. 1. 

47. A process according to claim 43/ whereby said 
fragment comprises the amino acid sequence from about 
amino acid no. 140 to about amino acid No. 337 of 

SEQ ID No. 1. 

20 48. A process according to claim 43, whereby the 

subunit P is pi. 

4 9. A process according to any one of claims 4 3-48, 
which is a process for detecting the presence of an inte- 
grin subunit alO comprising the amino acid sequence shown 

25 in SEQ ID No. 1 or SEQ ID No. 2, or of an integrin hete- 
rodimer comprising said subunit alO and a subunit p, or 
of homologues or fragments thereof having similar biolo- 
gical activity. 

50. A process according to any one of claims 43-48, 

30 which process is a process for determining the diffe- 
rentiation-state of cells during embryonic development, 
angiogenesis, or development of cancer. 

51- A process for detecting the presence of an inte- 
grin subunit alO, or of a homologue or fragment of said 

35 integrin subunit having similar biological activity, on 
cells, whereby a polynucleotide or oligonucleotide chosen 
from the group comprising a polynucleotide or oligo- 
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nucleotide shown in SEQ ID No. 1 is used as a marker 
under hybridisation conditions wherein said polynucleo- 
tide or oligonucleotide fails to hybridise to a DNA or 
RNA encoding an integrin subunit al. 
5 52 . A process according to claim 51, whereby said 

cells are chosen from the group comprising chondrocytes, 
smooth muscle cells, endothelial cells, osteoblasts and 
fibroblasts. 

53. A process according to claim 51, whereby said 
10 fragment is a peptide chosen from the group comprising 

peptides of the cytoplasmic domain, the I-domain and the 
spliced domain. 

54. A process according to claim 53, whereby said 
fragment is a peptide comprising the amino acid sequence 

15 KLGFFAHKKIPEEEKREEKLEQ. - 

55. A process according to claim 53, 'whereby said 
fragment comprises the amino acid sequence from about 
amino acid No. 952 to about amino acid no. 986 of 

SEQ ID No. 1. 

20 56. A process according, to claim 53, whereby said 

fragment comprises the amino acid sequence from about 
amino acid No. 14 0 to about amino acid No. 337 of 
SEQ ID No. 1. 

57. A process according to any one of claims 43-48, 
25 which is a process for determining the differentiation- 
state of cells during development, in pathological condi- 
tions, in tissue regeneration or in therapeutic and phy- 
siological reparation of cartilage. 

58. A process according to claim 57, wherein the 
30 pathological conditions are any pathological conditions 

involving the integrin subunit ctlO. 

59. A process according to claim 58, whereby said 
pathological conditions are rheumatoid arthritis, osteo- 
arthrosis or cancer. 

35 60. A process according to claim 57, whereby said 

cells are chosen from the group comprising chondrocytes, 
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smooth muscle cells, endothelial cells, osteoblasts and 
fibroblasts. 

61. A process for determining the differentiation- 
state of cells during development, in pathological con- 

5 ditions, in tissue regeneration and in therapeutic and. 
physiological reparation of cartilage, whereby a poly- 
nucleotide or oligonucleotide chosen from the nucleotide 
sequence shown in SEQ ID No. 1 is used as a marker under 
hybridisation conditions wherein said polynucleotide or 
10 oligonucleotide fails to hybridise to a DNA or RNA encod- 
ing an integrin subunit al. 

62. A process according to claim 61, whereby said 
polynucleotide or oligonucleotide is a polynucleotide or 
oligonucleotide coding for a peptide chosen from the 

15 group comprising peptides of the cytoplasmic domain, the 
I-domain and the spliced domain. 

63. A process according to claim 62, whereby said 
polynucleotide or oligonucleotide is a polynucleotide or 
oligonucleotide coding for a peptide comprising the amino 

20 acid sequence KLGFFAHKKIPEEEKREEKLEQ. 

64 . A process according to claim 62, whereby said 
peptide comprises the amino acid sequence from about 
amino acid no. 952 to about amino acid no. 986 of SEQ ID 
No. 1. 

25 65. A process according to claim 62, whereby said 

peptide comprises the amino acid sequence from about 
amino acid no. 140 to about amino acid no. 337 of 
SEQ ID No. 1. . 

66. A process according to claim 61, whereby said 
30 pathological conditions are any pathological conditions 

involving the integrin subunit alO. 

67. A process according to claim 66, whereby said 
pathological conditions are rheumatoid arthritis, osteo- 
arthrosis or cancer. 

35 68. A process according to claim 66, whereby said 

pathological conditions are atherosclerosis or inflamma- 
tion. 
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whereby said cells are chosen from the group comprising 
chondrocytes, smooth muscle cells, endothelial cells, 
osteoblasts and fibroblasts. 
5 70. A pharmaceutical composition comprising as an 

active ingredient a pharmaceutical agent or an antibody 
which is capable of using an integrin heterodimer com- 
prising a subunit alO and a subunit p, or the subunit alO 
thereof, or a homologue or fragment of said integrin or 
10 subunit alO having similar biological activity, as a 
target molecule. 

71. A pharmaceutical composition according to claim 
70, for use in stimulating, inhibiting or blocking the 
formation of cartilage, bone or blood vessels. 
15 72. A pharmaceutical composition according to claim 

70, for use in preventing adhesion betweeh tendon/liga- 
ments and the surrounding tissue after infection, inflam- 
mation and after surgical intervention where adhesion 
impairs the function of the tissue. 
20 73. A vaccine comprising as an active ingredient an 

integrin heterodimer comprising a subunit alO and a sub- 
unit p, or the subunit alO thereof, or a homologue or 
fragment of said integrin or subunit alO, or DNA or RNA 
coding for said integrin subunit alO. 
25 74. Use of the integrin subunit alO as a marker or 

target in transplantation of cartilage or chondrocytes. 
7 5. A method of using binding entities having the 
. capability of binding specifically to an integrin subunit 
alO comprising the amino acid sequence shown in SEQ ID 
30 No. 1 or SEQ ID No. 2, or an integrin heterodimer com- 
prising said subunit alO and a subunit p, or to homo- 
logues or fragments thereof having similar biological 
activity, for promoting adhesion of chondrocytes and/or 
osteoblasts to surfaces of implants to stimulate osseo- 
35 integration. 

76. Use of an integrin heterodimer comprising an 
integrin subunit alO and a subunit p, or the subunit alO 
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thereof, or a homologue or fragment of said integrin or 
subunit alO having similar. biological activity, as a 
target for anti-adhesive drugs or molecules in tendon, 
ligament, skeletal muscle or other tissues where adhesion 
5 impairs the function qf the tissue. 

77. A method of stimulating, inhibiting. or blocking 
the formation of cartilage or bone, comprising admini- 
stration to a subject a suitable amount of a pharmaceuti- 
cal agent or an antibody which is capable of using an 

10 integrin heterodimer comprising a subunit alO and a sub- 
unit p, or the subunit alO thereof, or a homologue or 
fragment of said integrin or subunit alO having similar 
biological activity, as a target molecule. 

78. A method of preventing adhesion between tendon/ 
15 ligaments and the surrounding tissue after infection, 

inflammation and after surgical intervention where adhe- 
sion impairs the function of the tissue, comprising admi- 
nistration to a subject a suitable amount of a pharmaceu- 
tical agent or an antibody which is capable of using a 
20 integrin heterodimer comprising a subunit alO and a sub- 
unit p, or the subunit alO thereof, or a homologue or 
fragment of said integrin or subunit alO having similar 
biological activity, as a target molecule. 

79. A method of stimulating extracellular matrix 
25 synthesis and repair by activation or blockage of an 

integrin heterodimer comprising a subunit alO and a sub- 
unit p, or of the subunit alO thereof, or of a homologue 
or fragment of said integrin or subunit alO having simi- 
lar biological activity. 

30 80. A method of in. vitro detecting the presence of 

integrin binding entities > comprising interaction of an 
integrin heterodimer comprising a subunit alO and a sub- 
unit p, or the subunit alO thereof, or a homologue or 
fragment of said integrin or subunit, with a sample, 

35 thereby causing said integrin, subunit alO, or homologue 
or fragment thereof having similar biological activity/ 
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to modulate the binding to its natural ligand or other 
integrin binding proteins present in said sample. 

81. A method of in vitro studying consequences of 
the interaction of a human heterodimer integrin compris- 

5 ing a subunit alO and a subunit p, or the subunit alO 
thereof, or a homologue or fragment of said integrin or 
subunit, with an integrin binding entity and thereby 
initiate a cellular reaction. 

82. A method according to claim 81, whereby the c<?n- 
10 sequences of said interactions are measured as altera- 
tions in cellular functions. 

83. A method of using DNA or RNA encoding an inte- 
grin subunit alO or homologues or fragments thereof as 
a target molecule. 

15 . 84. A method according to claim 83, whereby a poly- 

nucleotide or oligonucleotide hybridises to the DNA or 
RNA encoding an integrin subunit alO or homologues or 
fragments thereof and whereby said polynucleotide or oli- 
gonucleotide fails to hybridise to a DNA or RNA encoding 

20 en integrin subunit al. 

85. A method of using a human heterodimer integrin 
comprising a subunit alO and a subunit p, or the subunit 
alO thereof, or a homologue or fragment of said integrin 
or subunit, or a DNA or RNA encoding an integrin. subunit 

.25 alO or homologues or fragments thereof, as a marker or 
target molecule during angiogenesis. 

86. A pharmaceutical composition comprising as an 
active ingredient a pharmaceutical agent or an antibody 
which is capable of stimulating cell surface expression. 

30 of an integrin heterodimer comprising a subunit alO and a 
subunit P, or the subunit alO thereof, or a homologue or 
fragment of said integrin or subunit alO having similar 
biological activity. 
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CCTCTGCAICOCAGGAGCriXAACACACAAACAGACWA^ 3 HI 

FVHPttL QIlTRRLKGSVTQCQVVR 1027 

CHltCOLAKGTBVSVGL'lRLVHRI F 
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AGCGATCncgTCGCTAGACATGAGC CTTT^^ 3744 
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TGN TYOQ1KCMCACGAJQ1GW5AKGNCGGAJCGGTKGKGVAAV/GTGACARAGCT KCMHAAAAHANGAAGTATGACCWCTCCCC 80 

7 7 ? 7R7 7- 7P7.V 7 7 7 D7A7 7K7KYD7KA 
777H7777R7777VT7L7K77SMT7G 
V777T77777G777 . Q S 7 7 K 7 B V . . P V G 

C RAGATAGMKAMUAAU CTf GMS AGKT RAMGGACGATGGN CCWCCCAA VOGAHWGGRAAH T BCCGCNVfDCARHGT CCAAATK 160 

7 T 7 7K 7 7 7 7 G RW7 7Q7.7G7 7G7Q7 PW 
PR. 77S 7777DDGPA7R7777A77VQ7 
7 D 7 7 ? A 7 7 - RTM 7 7 P 7. 7 7 7 7 R 7 7 7 S IC7 

S AKK TCS CAGCAACCMAOGGAMTCGCT CG CARCCCDT AGGGAT CAGGXACGATGRCTCS C GG AN S KACTCSGNXTGATWA 24 0 

7 7 7 RN7R7G3 QP7G IR7D7SP7 7S7 . 7 
7 7 7CT7G7AR7P QSGTM77R7T77D7 
7 SQEPT7W. LA7 7 R D Q ? R 7 I# . 7 7 7 X, ? 7 T 

ATCGHHWGTMGGMAGGOGGHGGAATT RWAAAGTAKTGGTMGAMAKATGWGVMGGAMATGAT R RGTHGACTVTMVMGGVAX 320 

T7 7R7A7BL737GR7 M7R7. 7 V O ? 7 G 7 
S7VQRRRN7KV7V77 7 7G7D7 7T777 
N R 7 7 7'GGG I 7 K7W7 7 7 7 7 7 M? 7 R I. ? R7 

VT AK S GGT ACAGGCGAAKACA RG RAKGTGT CTGAGGAADTCAGNAGOACAAMMT TGCCCAAOT OfGGACTTAG KAT RGAT 4 00 

77YRR?0?7V.G7Q7D77ABVRT. 77 
7 7 CTGE77 7VSBE77RT7 L. P K S G L ? 7D 
? 7VQA7T 7 7CLR7S 7GO.7CRS7DX.77I 

ACGAAN CKT ROA T CT TAMADGGGGGN KAG CGAGTG CS TAAACGV A RAT RGON 3 WGT CTA CT TMAAC M CCAAGNGDOOACA 480 

Y E 7.? I L 7 G G 7 R V ? K R 7 7 7 7 L X. 7 ?Q? ?T 
T777S77G7SEC7N7777VY7N7K7GH 
R77D L77G7ASA. T77G7ST7TP77D 

- TT T ACT AGASGAGGAGAGT AGCCAGAT CACDTGAGATGAT CT AAKGTGGGGT CCCCT TG CCAGT AT ATGAGAGGACTGGT 560 

FTR7GK „ P D H ? R S7VGSRCQYMRGLV 
L L 7 S L£ S' S O I T . DDL7WGPVAS 1 . SOW 
I Y . 7RRV ARS7KMX. 7GVPE.PVYERTG 

TOGGCAGACATWCATPCT CTTTGCTGACT CACATATT GT TG C CVTCAGICATGAT CACATAOSATCTGWTGTCCCTCAT CA «4 0 

R<3 T 7MLFADSHI VA 7 7 M T RY Dt.7 31. I 
PGRH7CSLLTHXLLP 7 . SDT I 7 C P S -3 

SADIDALC . LT Y CC7E7DQIRS7VFHH 

TQAAT3 TOROCCO TGATGCTAATGAGATTOOCCTATQATG<3AACAAaAQACTTHTOCTACAGCAGOOGAATGAAGGTT TC 72 0 

MN 7 7 R DAN EI R L . W N K R L 7 LQQANKGF 
7 7 AVM L M RFAYOGT RD7 CY S RRKKV5 
E7 7P. C. . DSPMM6QET7ATAGE R F 

T AGAGT AGGAGTCT CAGGAGGAGAGAAACT GTGGAC CTGGAGCACCAGGGACTCCAGGAGGAAGTWGCCACAACTGGCTT 800 

S R S L. R RRET VDLEDQ GLQEEVATTOL 
RVCVSGGE KLWTWRTRDS RRK'7 P O L A 
L E . SSQEERNCG PGGPGTPGGS7HHWL 

GMAGTTT CGGCTCCGAT C CTGATACWCGCTCGT CCTT VGAGTTAT CCCCCTCTCTTGCTGGATGGCT CAGAAATGCCTGO 8 8 0 

7 F R L R S - Y7LVL7VTPL SCWMAQKCL 
7SFGSD PDTGSS ? EL S P3 L AGWLRNAW 
? V 3 A P I U I ? A R P ?S YPP^L LLDGS BM PG 

A C CT T T T C AT C CC CA C TGGA CAAACTAGGOGT CT OCCOT TGTOGCCCTGGOATT GTGGGGCTGTGTGG CCT CATATCCTC 960 

DLP I PTGQTRRX.ALWPWOCCAVWP H IX, 
T F S S P LDKLGVWRCGFG X V G L C G L X SS 
P F'H P H W T N ' . ASGVVALGLWGCVASY P 

KS V Y S H P N L S L 7 -T T Q A7 T D 7 VVQDKEG 
ILSILTLICPW7RLKP7L T7WYKIRR 
PFCLFS P . SVPGYDSS- PD . 7CGTR . OG 

AGCCCAGGTGGGTGAGAT CGAAGCT GAGATGGTNCACTGTGTGCQ4ACCT CA T TGTAATT CAACTMCC TTGACTGAAGTT 1120 

AQVGBM 8" A BMVHCVP T 3 L F W 7 L D . S 

E.P RWV R W K L RW 7 TV C 7 PK CN S T 7 - L T EV 
S PGG. DOS . DG7LCA7 LXVXQLP . L K L 

AAAATCC AGAT CCY T AGGGAT G AGGGGAAGAACCTG C CAAAOACGGaTCAGOAAOGCAGTGCT AAOGGAAOGCT CCT G CA 1200 

NPDP. G.GBEPAKDCSORQC -. G K A P A 
K 1 Q I 7 ROEGKN L PKTGQEGS A K G R L L Q 
KS RS LGH .RGRTCQRRVRKAVUR BGS C 

GLCSWTSFSPIARXS . LPPL3LCLESS 
ASAVG LHSVPLPESKSS37YLSVI.SL 
RP LQLDFIQSHCONL IALP? X S I* S . V. 

T TAAOAATTTGTTACCGGACACAGAATTCTCT T T CTT AG CCTCC TGOCCAGAT ATTT AAAAGGAGGGGGGTGGG T T ACTT 1360 ■ 

. BPVTGDRXLPX,SI.X,ARYl.KOGGW VT 
VKM LLPS T B PS PLA'SWPD X K K G G G L L 

LRXCYRRQ NSLS . ppGQI FKRRGVGYF 
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TTTQOTAGGGOAAGCTTAAGT TATGGATACCAAAGTCCTAATTGTATTCTTTTTTTCTGAAACCTCATCTAGCATTTTTC 144 0 

FW-CKLKLWIA JCC. LYSFFL KPHV APP 
rCHGSI.JSYC.QSANC XLPP.KLM. HPS 
LVGEA. VNDSK VLIVFPPSETSCS 1 F 

TTCCCTTCCACCCTCC AT ACT TTC CCAGGCT TCATTTCATGCCCGOCOTCT CTT CGCTCACAC CGCTGGAGGCTGT TTCA 1520 

PPSTLHTPPOPISCPASU RSHRCRUPS 
S.LP PS I LSGASFHARRLFAHTAAGCL 
LP FH P PY F P R L H FMPGVS S L T P X. O A V . . 

GGCTTCT<TCCCTGGGTCTC<:CTCAGCAaACTG<XTrc 1600 

AS PLGLPQQTASTLSSFCVHVOI R V S 
R LLPWVCLSRLPPHFFVSAYTLI LB FP 
GFSPGSASADCLHTFQF.LRTR. Y . - 3 F L 



TCCCCACT TGG C T CT TG CTCTTT CT CTGACTACCCAGG CTGATGCC ATG T C 



G T AAA TACT G TACAATG 166 0 



FPT WLLLFL. LPRLMFCLAS3CKYCTM 
S FLGSCSFSOYPG. CHVWP LPV NTVQ. 
PH LALA LS LTTQADAMSG.X.F L . I L YN 

ATT CTATGTAAAT AACTGGT CCT TGCCC ACAGAGC AAGCAAGCCT T CT ACGCT AA CAAAT TAAAGAT CAAGTTTGCTCAC 1760 

TLCK. LVLAH RASKPSRLTN. RSSLLT 
FYVN KW S LPTEOASLLG . Q I KDQVCS 
OSM.JTGFCPQSKQAF.ANKLKIKFAH 



DFFIQFKMAGGGVGGRXACF HCGT A 
L T P L y N S RW RGVGWGGGLP VFTVVPRQ 
LFYS JQOGGGWGGGADCLFS LWYLGR 




T CTGGT CTCT CATGGTCTGGT C ATTGT AAGCC T TAG CT CT CTCACTGTGGATGGCTTTCCT TGGCG TT AGC AGCT AAC AT 2000 

SGLSW3GHCKP t. SOCOWLSLALAANM 

LVSHGLVT VSL3 5LTVDOF PWR . QLT 
IKSLHVWSL . A L A L I LWMAFLGVSS . H 

GGTT ACAGGA T T TC ACTGAAAATTT AAATOTTGGGG<JAAAaGTGcaQACACACCAT AATGG T CCCAATT CAAAACAATCC 2 O 8 0 

VTCFH KPKCW GK GADTP - W S Q F K f I 

WLQOFTB NL HVGGKVRTHHKGPMSKOS 
GYRI SLKI . M. LGSACGHTIMVP IQWMP 

GTGAAACAG CCTCAACT T AGGQOTGACiATGTT T T CAACCAAAGTAAT TAT CT TGA C A CCACAAAG CACACCTGT CTACAG 2160 

P. B T A 3 3 . G . OVFHOS NY LDTTKHTCLQ 
VK-OPQVRGEMFSTKVI I LTPQSTPV.Y R 
- MSLKLGVRC FQPK . LS . HHKAHLST 

GCAGTGA CT CCCCAAAAGCT ATT AGACACACAACAAG CATGAC CAT AACT C AGTGGATTGGCAAGGTCA CACAGT AGGAC 22* O 

AVTPOKLL.OTQQA. P. L3GLARS HSRT 
Q LPK3Y THNKHD HNSVDWQGHTVG 

GSDSPKAI RHTTSMT ITQWIGKVTO - D 

TGCCCTTC ACAC ACT AGOT AGOAAAATGCTG CTGT CACTGCTG TCAGCTGT TATT TTGCATAT CCCATGTT AAGATTAAT 2320 

ALHTVORKKLL SLLSAVILHIPC. O. 
LrPTO.VGXCCCHCCQLLPCISHVKI N 
CPSHSR. EHAAVTAVS CYFAY P M L RL I 

AAGGCAAAAAATATTGTCTCTAAGTCCTACTTTCTGTTCCAAACTGGACGAAATTATTGAATAAATA 24 00 

. GKKYCL -. V.LLSVPNWRKLLNK. T V H' K 
KAKNIVSKSYFLFQTGOHY. XKKPCIK 
RQKILSLSPTP CSKLEEIIE. INRA. 

ACT AGCCT CAGAAAGGGT CAAAATTT GTGT T TTCTTTGAAT ATT AGCTGAGGCCT CCAGGGGGC AOCACCAAGGTAGAGA 24 80 

SSLRKOQNLCFL. X LAEASR CQHCrGRE 
VA3 ERVKXCVFFEY.X,RPPGGSTKVS 
K P QKGSKFVFSLHI S GLQOAAP R . . R 

GCTCGACTAACGCTC<:TCTGTGTT<^TGTCCTCGGCTCCCCACAGCTCC 2560 

LD . GCSV F L -SWAP HS S L P P P L F.F HP T 
5 W T KAALCS CPGLPTAP F M H H5 HS X ti-It 
AGL 'RLLCVPVLGSPOLPSTTTP I PSMF 

LPLAASGROQDRRSSMBNS&GEG-QSNS 
Y F LPVGGG R I GQKVTKTAK ERDRATQ 

I F S COW B GAG BGK RKG PRRGT EQ L 

GAGCCTCTCGCACTCOACCOQACAAGCGCCC Kt^ AGTCTCTCTCCATCCCTC^CCT 2720 

B P LOLDRTS ahgvs lhps PA PAP GVAD 
SLSDWTGQAP ME5 LSIPHLLLPLA?L 
RASRTGPDKRP WSLSPSLTCSCPWR? - 
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CADGTGACGGAAG CAftACTIGGT TTCTGCTGGGAATGOAAGT T A TGTGGATTGTTT AT AAT TGGGACCAT T ATGGCT AAA 2 8 00 

R . GKQTW'F LLGMEVHW IVYNWDHYG 
J.GBOSKX.OFCWBWKI.CC1.FI I G T X M A K 
OVRBAHLVSAGNGSYVDCL. L G P L W L K 

NLAGAQVGG.YRCYISCVHSCS . TPKW 
I 7 R A L R S BVMTDAI FPVCTHV LRH PNG 
S7GRS GR RLIPMLYFLCALMFLDTQ M 

CAGTGGCCAAAACTTCCTCTGGCTTGTACCTCATTATCTAAACCTTT GT ACCTAATTATCTAAAACCTTGGTCCTAAACT 29 60 

QWPKLPLACTSLSKPLYLI I . M X. G F K L 
SGQNFLWLVPHY L N'ItCT • LSK"TI»VX*N" 
AVAKT3 SGLYL.i l . T F , V P N Y L K P W S . T 

CCACAGACATGAGGGCACAGAAAAGAGACGTGT CT CT CATCTT CCATTCOOT T A CACTGATTCCT ACCTT CCCT GCTT C T 304 0 

HRHEGT E K R R V 5 ' H It P FGYTDS YLPCF 
STDMRAQKRDVSLIFHSVTLI P T F P A S 
FQT . GHRKETCLSS5 I RLH . FL.PS L L L 

CCCTGCCATTGGTGCTCCTTGGTGCCrrGAGGCATAATTOCCTTACTATGTGGTCAGAACTCTGGGTT CG CCTAACGACCG 3120 

SL PLVL LGA.GT IAL .LCGQNSGFA. R. P 
P CHWCSL VPEA. I.PYY-VVRTX.GS PNOR 
PAIOAP- WCX.RHMCI.TMWS SX.lfVRl.TT 

AOCT A C AG T TT C TOOT CT CAT AGCCCT GCCAA T T T C CTGGATT AAAAAAAAAAGGCTCACAT ATAAAAT ACCTT T T CTG A 3200 

SYSFW5KSPAN 
ATVSGLIALPI 
ELOFLVS . PCQ 



FLD- KKKAHI - KTFS 
SW I KKK'RX*T.YK I P F L 
POLKKKGSHI K Y L F 



AAATGAG C ACAG TG TGAGT T GAAGTT AGAT T T TGGGGGATGGAGGGTTGCT TCGAT 



ACAGTAGAGAAG 32 80 



NKH5V9 - 3 .1 LGOC GLLGCKEODS « B 
KMSTV. VEVRFWGHEG CLOAKS KTVEK 
K. .AOCB1. KI.DFOGW RVAWM QRARQ. RR 

AOAATC ATGGG AGGGAT AAGAGGCTCCAAT TTTT CCCTGCTAGTCCCCTATAAT CTTTGTTT CC TAAAATAA C AGCT CTG 3360 

ENHGRDKRLEFFPASAL.SLFPKTTAL 
R I MGG I R CWNFSLLVPYNLCFL K . Q. L . 
ESWE G. EAGXFPC..CPT IFVS . HNSS 

A TTTT ATGGGAATT GGGGT C AGGAGAAACGAAT CAG TAGGCACAGATGGGA CCC C AAGCGTGGACT AAAGTT TGAGG AAA 34 4 0 

I LWE LG S GE RMO - AQM GPQAWT KV . .ON 
F YG NWGQEKG 1 3 RKRVfD P K R G L K FE E 
D FMOIGVRRKBSVG TDGTPSVD. SLRK 

CT ATGGG AGTAGGCAAGGCG TGTTTGT AAGGT GOATC AG ATGAGGAGATT GTGG T GGGGGGGAGT C 

YG-S RQGVFVRWMR . G DCGCGES WG 
TKGVGK GCL . GG . DE E IVVGCS L GGDR 
Lto fE . A RGVCKVDBMR RLWWOGVLGV IG 

ACCCTT AACAGGG ATAG ATGGCAAACTGTGTG TGOGCAOQCCOGTGQTTC CACCCACTTAAT TAG CCTTGAGGT T GG CAG 3600 

DP QG . MANCV WA.GRWFH P L M - R - GW Q 

T L H RDR WQTVCGCAGOS TH L I S V. B V O R 
PLTGIDGKL CVGRPVVPPT.LALRLA 

GGCTGGAAGGAGCCAGCACT CT CAACCTTGGAGAAAGTGCAAGTi 

GWKEPAL3TLBKVQV.QESTERODT RA 
AGRSQHSQPtfR*CKCDKKKQk'B ETPG 
GLEGAST LMLGBSASVTR R NRK RRHPG 

AGGGAGCT CCTTG CCAT CGTTT CTTCCCATGGCCCT GOCTTTQGQAAGAAT T AGOAAAQGGTGGT GACTCTGCAT CC T CA 37 60 

CSS LPS FLPMALALGRI RKGW . X. C X L 
QGAPCHRPFPWPWLWEELGKGGDSASS 
RBLLA IVSS H GPGFGKK ERVVT LHPQ 

GAAAAGCCCT CT CT CCCT CT T TGQACTCTCGAGG C T T AGAGAOGACAATGTG TAGGAGGAATGATGTOGAAAGAGT AACT 3 8 « O 

RKA LS PS L □ S R G L B R R MC R R N DVB P. VT 
EKPSLPLWTLKA. ROECVGC MMWKE. L 
KSPLSLFGLSRLRBENV. 8B.CGKSN 

T G AC CT A T CCAGATGTOT CTGT C AATGACAT TTCAGG AA TGAGAATGGAAAT A CAGCTGTCCTT CACCATQOCCQAGOG C 3920 

. p 1QMCL .MRFQB E WKYSC ASAWPR A 

DLSRCVCE. DFRWBNOHT AVLQHGRC 
LTY PDVSVME ISO MRMBI QLCFSMAEG 

CTTAGGATCCCTCACCCCCACCCCACAGGAAGAGAATC^ 4000 

LGSLTP. TPGEEKHP I IPPGVL AT . H . 
p DPSPPPHRKRI IQ SS HL QF.GHDI D 

I. R I PHPH p TGRESSW HPTWGSEDMTLT 

ACAGAGCAGGAG AC CTGAGA TAGAAAC A CT C C CT CCTGTCT TGT CT CCGA CT AAGCCT CACCAG T CCT T CAT T AA CTG AT 4 OOO 

H R A G E X. R . KM S L L S C L P LS L T 3 P S LT D 
TEQES DRN TPSCLVSH A 9 P V X. H . LI 

OS RRAEI ETLPPVLS PTKPHQS FTM . 
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TGGTGGATGCTAATTATGATCCTCACCCCTCAGGTCTCTGCTCCCCCTTTAATCTGa\ATGAACACCACCCACGACTCTTC « 1 60 

W W M L I M I 1* T P Q V S A P PL IWKMTT HD S S 
OGC. 1*. SSP LASLLPL. S G . T P P T T I. 
LVDANYDPH PS G C g P P M L g K H H P R & 

ACAGCOC C ACCAGAGC C CGAATTTGG AT ACAGTGT CTTACAGCATGT TGGGOQTQGACAG CGATGG TG A 

O G H Q R P M LDTVS Y S M L G V D.S DG 
HRATRGR XWIQCUTACWOWTAMV 
TOP P EABrOVaV 1.0KVOC 9 Q R, W . 



REM 
R G K T 
B O K Q 



CAGGACCGTGCCATOGCGACTATOCACTCACTQAT< 



' C CAAGCTGG CCT T T GAAAG TGC C TOGQG C 4120 




TCCATGACGT 



3 HTSHALSLSLY.CPCSPDL YIHILLP 
p . RLMMSPSMYTKDHAHRI PIS XFSF 
L H. DVSCTLPiTI L.RTMLTCSI.YPYSPS 

AGGAT GCTGGTGGGTG CCCCCTGGGATGGGCCATCAGGTGACCGGAC1ROGGQATGTTT AT CGTTCSCTCT ATAGGGGGATT «4 80 

GCWWVP PCM GHQVTCBCMF T V A t» - GD 
QDAO^GCPLGWAZR . PBRGCI.SLLYROI 
R MLVGAPWDG PSGDRRG DVYRCS TGGF. 

CCACAGTGCT C CAT GT AC CAAAGG CCAC CTGGGT A 



F L M L T S 



S T V L H V P.KATWV R R 
PQ 'CSMYGRPPG.EEA.PFPC 
H 3 A P C T K G H L G KK K P D L 3 P A.M S C. H 

TAGTAACTCTGACCCCTIGOACCTTGTCTTCAATGACCCTCAACTAAAOAACCCGAACTATOACCCCATGACTTCATTCT 4 64 0 

- - L . P L G P C L Q • P - T K K A E X. . P II D F X L 
S H S D P LD L V F N D P E LKK PNY D P M T S F 
LVTLTPWTLSSMTLN - RSRTMTP . L. H S 

CTT CT AC C CT T CCT C CAACCAGGTGA C T AT CAACT TGGAAAT TCCT C TCAG CCTQ CTGTGAAT ATGCACCT AGGGATGT C 4 72 0 

FYPSSNQVT INLBXPLSL I* - I C T . Q C 
SSTLPPTR. LSTWKPLSACCBYAP R D V 
U i. P F ' tr O P ODYwt.ONSSQP-»V" "" I ' qMS 



T CT AC T AG AG ACAG AT GCTGATGGGGOAT T C 

L Y . R Q M X. M G D S W . A E P. RA S E O S „ ° ° D °„ * * c 
S T R O R C . W G I H G B L K B G P G K V « S R B B S 
I LETPAPGGFM V S K K G It R R F T A G ' K A 

CAT T A TGG T AT CTGGGCAGTGGTGG C TTGGGCCT TT CAT CCCAGTGTT CT GGAGGCAGAGT CAGGCCTOAT CT ACAGAGT 

HYG I WAVVAWAPH PS VL E A B S G I» .1 Y R V 
I MVSGQWWLG P P I P V F W RQ S Q A . o T B 
ALWYL.OSGGLGLSSQCSGGRVRPDl.QS 




BKPKTKTNQTTTT 
A6AAAAAGCACC(7rcS(*TAACCXSAAAT T ACT CT GT AT AGAAG AG ACAAGGAA T T CAAAACC CTAftWSAGCAAGGCAGfSGTT 504 0 

QKKH RGKGN . S V . KRQGIQNP R « © R V p 

R K S T V V R B I ' S LY RRDK 8 F K T LB S K A C r 

TRNSKF . RARQG 



E K A P W 



G K L . V C I 



CCCCATGQAOTGGTCTCCATCTCTCTTTTAACTAGGTGTGTGTTCCGAG 5120 

PHGVVS I SLLTRCVP REALS S L G I T I S 
P M B W S P S I* F . L O V C S B R P S Q A W G . L F 
SPWSGL.HLSFN VCVP RGP LKPGDNY F 

T C CTATC C A C CCAGCCCT G TG CC CCTC TT TGGT CTCGT GCCTG COGCAGCT CTGT CT TCAGTT CTGGAAT ATG1 G C CCGT 520 0 

p X h PGL CPS LVSCLRQLCLQFWN M C P 
L L E T Q A C A P L W S R A ^ ^ ^ \ ^ S , 3 , \ \ C , \ \ 

S Y P P R P V P E F Ci E V P A A A L S SVLEYVrv 

* GTGGATG CTT C ATT CCGGCCCCAGGGAAGC CTGG CACCCACCGC C CAACGTGAGC CAGTGCAAGGGCC CTGG AAGCT CAS 528 0 
CG CF T PAPGKP GTHRPT . ASGRAL „ E ^ A T Q C 
Y w " M »C ^ F S h % \ % H "w % V % C H *V % 'o V - % % % "a ^ " S 



TT CCCAG AT AGGGATGCTGGGTGGGAAAAACT, 



'AGO A CAAAGACT TGGTGGAOGGT CTGCATGG CT A T CCT CAT CATT CCC S360 



F P D R 
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CTGGTTT TACCAACTTAAAAACAAAACAAAACAGCATATCCTGTCCACAGCCTAT CCCT CATCCATCACCTGTCCT CCAT 5520 

S C F T N L.K TK QN S I S C A Q P I PHPSRVLH 
L V L P T . KONKTAYPVHSLS. LI H H V S 5 1 
WFYQL KKKTKQHI LCTAYPSS I T C P P 

ATCT TAT T TTTGTGCGTCT TATAGATGCCAAGT CAGCACTCAGT TATTGGG T TCTCCCC T CATGCCT T TCAT AT ACTTT C 5 60 0 

I UP I- W V L . MPSQHSVTGF3 P HA PHI LS 
SYFCGSYRCQVSTQLLGSPLM-P FIYF 
' Y L X F V G L I O A JC 3 A L 3 Y W V !• P 3 C L> 5 Y T ' F 

TTAT CT AC TGCCT T TTGGGAGAT AGTCTT ATCT AGCCC AGGCTG TC CTTGATCTTGGAAT T TOCT TGC CTCAGC TTCT CA 5600 

Y L L P P G R - SYV AQAVLDLGICLPQLL 
L I Y C L I» G D S L M . PRL3LI1.GFACLSFS 
L.STAFWE XVLCSFGCP . S W M L L A S A fi Q 

S LKYW DMRHAL SAWP LLHMPSVA I G R A 
VSSTGI IGMHCLPC LC. T CPLWPLVGH 
S & V L G • . A C I V C L A F A E H A L C G H W . G 

TGAGTCAAATACTGCCCTCCCCCACAACACACAC^CAAACGAAAGTGAGGCTCTGTA 584 0 

V K. YCP PPQHTWKRIC GSLSVP _ H R V V 

B S N T A L P HNTH TN&S B A L - VFHSTG. 
H S O X L P 3 P T T H T Q T . K V R L 3 K C 3 I A Q G S 

GGT AGGCCTCTCGCTAQTGCATATTTCATTCTTTTACT CTGCCCAT CTCT TCTTTCTTTGATTT CCACACTGOOOACCTO 5920 

VGLSLVHISFFYSAHLFFL. PPHWGF 
W . ASR.CIFHSFTLF ZSSFFDFHTCDL 
GR P LA SAYF I LLLCP S LL. S L X STLGTW 



G.I VLSW. LRBNSLLS ACIAASSWDILP 
A . YFPGN E R I P F . VPALQRPPGTFSL 

HSTFLVI KRBFPFKCLHC&VLLGHSF 

TGCTGACT ACACCC CAC AT CCTTCCATG TTTTT TGTT T CCCAT CAC T ATG CCCCCCT T CTAGGCTG T CCCACAT A CATGG 6080 

C.LHF TSFHVFCFPSLCPPS RLSHIHG 
ADYTPHP3MPFVSHHYAPLLG C P T Y W 
LLTTPHILPCFLFPITHPPF. AVPHTW 

ATOTCOTCATTCTTTTGGJtTGGCT CCAACAGT ATCT AT C CCTGGT CAGAAGTT CAGACT T T C CT T CCgAGGCTGQTAGOA 61 60 

CRHCFGW LOCf YLSLVRSS D F P S EAGR 

nvvT v t. n g s w — s I Y T W 5 B Y Q T E L — B — 3 — L v , G 

MSSLFWMAPTVSTPGOKFRLSFCGW . E 

AOACTGTTCATCGATCCGGACCAGATACACGTAAGAGAAACATATGTCGATAGGATTGGACGGAAAGA CC 62 « 0 

KTVHRSGADTGKRKICG . OWRE RS KHS 
RLFIDPB.QIQ VRERVVDRZGGKEVNTP 
"""u C 5 S I R S R Y R . SKOMWZGLEGKK. TL 

TGGACCC TT GG ATGTAAGCAGCCATGT CCAGCCT CT TGATGACACCCTGGGACATTGTCT TCTA CAGAA CTCATGCTCAA 63 2 0 

WTLGCKQPCPAS. . H P G T L S S T E . t. M L K 
GPLDVS S HVQPLDDTLGHCLLOM SCS 
LOPWM AAMSSLLMTPWO I VFY .RTHAO 

GAACTGT GGAATTAACT T AOCAAAAAGT CAC AAAAAT T TCAT AATGT T T GAAGT AAG T T TATGAT TGT GTGGGGGGCCAC 64 00 

NCAI N L PKSHKMFX M P E V S L • LCGGP 
RTVQLTYQKVTK1S . CLK VYDCVGGH 
BLCK LTKKSOKFHMV.. SKFMIVWGAT 

H3EL PFAACSC LGNACHELQ.V. RHTCSL 
T Q S F P LLLVVAWAMHAMS-CKLDT PVHF 
LRAS LCCL L LGQCKP . AAS . THL FT 

CCCCTTCATCGTGCTGCACCTTCX^CACACCTGTTACCGGTTCACT 65 CO 

PLH-RAAGWTH LLGV HFPF1 LCAPSSLR 
priVLQVGHT*C. OPTSPSS PVLHLLY 
S PSSCCRLDTPVRGSLP LHFLCS Z F 5 T 

CT CTT CAT ACA T CC CATG TGCGCACATGG TCT ATTGTT CT CAGGT AGGACTGGTACAGTAGGGGGAGAACCCTGTGCA TG 66 4 0 

SSYI PCGHMVYCSQ _VG LVQ Y G E M P VH 
A L H T S HVG TWS IV L R . D WY S TG RT L C M * 
LF IH PMW. AHGLLFS.GHTGTVRG E PCA . 

-EWS LPDF RTKEEVVR AARNLS RBECRg 
SGPWETSBQRKKL. EQUGT . VGGKGEK 
VVPGRLPNKGRSCES SK&PKS BGRAR 

ACGAGAAC CGCCCAAGCGAT GAT GGTGGCATGGTGAGACATTGT AAAGGGGT CGTGTGAGGGAGGAGG AAGGAT CAGCAG 6800 

_T RTAOAI M V A W. DIVKCSCEGGGRtSR 

RBPP-KRSWWKOETX, . RGRVREBBOSA 
N EHRPSDHGGMV RHCKGVV. O. RRKDOQ 
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GGAfiAGGGAGAGGGTCTGGAGTGTAGTGTATACATCACAAGATGCT 68 8 0 

ERE RVWSVVYTSQDALGAYLYLHARS 
GRGRGSGV. CIHHKMLWALI F I C M P E V 
GEGEGLECSVYITRCSGRLS LS ACQKF 

CGTGGAGGAAGGCTA«=TTGCTGTCACCATACTCTCTCTTACTGTATTTGCATTTTATGGTG 6960 

S W R K A R L L S PY. S LLLYLH PMV.S V G V S L 
RGORLGCCHHTLSYCICILWCLWVYLS 
VB E G . V AVT I LS LTVPAFYGVCGC I S 

CTTGTCTGTTCTGTTTCTGCACACAGAACTC^TCTTTCCT 7 04 0 

LVCSVSAHRTPSFLFYSCVHSDT . LLN 
LSVLPLHTE L ' H LS SSTPASILXPSPS 
P C L P C F CTQH S I P P L LL-L RQ F . Y X. A SQ. 

CCACTCACGCCCTAGTATTCTTTTCAAACATGACTCTAAACCTCTGG 7120 

H S R P S I LPKHDS KP LGRLHD L TV F X • L 
TTHALV PFSMKTLKLWGGYHT. LSL.Pa 
PLT P : Y SFQT . L , TSGEAT . PDCLYSP 

AGTTCCT TGA7 CTTGTCAACC CAAGTGT TTOCTGAATGAAT CT ATAAATAAAT AATGCTTG T ACATATT TACACTGATGA 7200 

QFLDLVHPSVC .MHL. JNNACT.YLH. 
SSL1LSTQVFAE. X Y K . IMLVHIYTDD 
VP . SCOPKCLLHES I HK . CLYI FT L M 

CACyVTTATTTTATATGTTCCGTGCCATCTAAACAGTCAAGTTGTGACTCTGTGCCAGTTTGCATGCTAGATACTGTTGGG 7 2 B 0 

O I I L YVPCH LNSQVVTL'CgFAC . I LLO 
RLFYMFRAI TVKL . LCAS LHA RY CW 

T DY F I CS VP S KQ 3 S C D S V PV CK LDTVG 

GAATGGTGTAGAAGACATCTGACCTCAGTGAACTGCTGACAGTGTT^ 7360 

N G V E D I PQ - TADSVHT LYGHACMQA, 

G MV. KTSOL S BLLTV L'X H YTGMPACK P 
SWCRRHLTSVHC.QC.YTIRACLHASL 

GTGTCTATGTGCATGCATATGCACACACATACATATGAC<^^ 7440 

C VYVHAYA HTYI P .YS I LLSLFLAQK G 
VC MCMHMHTHTYOHXA FF YLS3 HRRV 
CVCACICTHIHMTI . HSFISLL3 _T E G_ 

T CAGTCAGT CCCGGGGGGGACGACCAGAGGCCG CT AGGCTGCT GGT AGTT GT CACTGATGGAGAGT CCCATGATGGAGAG 7520 

SVS P GGDDQRPLGCW. LS LHES PMMER 
OSVPGGTTRGR • AAGSCH . W R V P . MR 
j S g S RGGR P EAARLLVVVTDG S S HDGE 

GAACTTCCAGCAGOGCTAAAGOCCTGTGAGOCTGGCAGAGTGACAOGTTA 7600 

NFQQR. RPVRLAE. H V M G L R . DLIKS 
GTSSSAKGL . GWQSD TLWDCGBT. SSP 
BLPA'ALKACEAGRVT R Y G I AV R L O Q V Q 

GTTGTTTTGTTTTGTGTTGTATCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTATGTGTGATAT 760 0 

SCFVLCCIVCVCVC.VCVCVCVCVYV . Y 
VVLFCVVSCVCVCVCVCVCVCVCMCDM 
L F CFV L Y RVCVCVCVCVCVCV CVCV I 

GTGTGCATGCATCAGTGCACATACCATAGTGTGTATATGCGGGTCAGAGAACAACC 7760 

VCMH QCTYHSVYMRVREQPOMLVLTFH 
CACX -SAKTXVCI CGS KNM L RCWSSPS 
CVHASVHIP CVYAGQ RT T S'D VG P H LP 

TCTTGTTCOUUUTTGGATATCTTGTTCA^ 7 * 4 0 

LVFHWISC SLRMTISQ1S.PTS LGQV 
I LFQTGYL VHFGXQ. ARLADPQV LGRS 
SCSKLDXLPTSAYNKPD.LTHKSWAGL 

TCTGTCTCAGCCTCCTGTCTCTTGGTTTGAGGi^TTCTGGAATTTACAGAT 7920 

FCLSLLS LGLRHSGI YR . A YRI PAAR 

SVSASCLLV. GILEFTDKLDXSPLQPG 
LS<J P PV3WP BA PWN LQ I 5 L I S N S C S P 

GGGATCCACTAGTTCTAGAGOGGCCGCCACCAAGGGAG 7959 

GIH.F.SGRHQGS 
GST SSRAAA TKG 
GDPLVLERPPPRE 
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